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The  Author  has  written  this  “ Second  Part"' 
of  the  Economy  of  the  Eyes,  in  the  same 
plain  and  circumstantial  manner  which  he 
adopted  in  the  First  PartP  as  he  has  not 
heard  any  objection  against  it  from  any  Ocu- 
list or  any  Optician  excepting  One,  who, 
when  the  Author  requested  his  opinion  of  it, 
said, 

0.  “ Why,  Sir,  I think  that  you  have  done 
exactly  the  contrary  of  what  you  ought  to  have 
done : — Why  didn’t  you  write  in  learned  scientifical 
terms  ? — Why,  your  Book  will  soon  make  all  tlie 
W orld  as  Wise  about  Spectacles  and  Opera- 
Glasses  as  I am  Myself !” 
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The  Protest  of  this  eloquent  Advocate  for 

/ 

“ The  Pomp  of  learning  and  the  Pride  of  words,” 

did  not  discourage  me  from  my  purpose, 
which  has  never  been  the  petty  purpose 
of  pleasing  any  Party,  or  any  Profession  ; — 
neither  has  Avarice  nor  Ambition  ever 
tempted  me  to  injure  any  party,  any  pro- 
fession, or  any  person. 

I have  endeavoured  to  write  Impar- 
tially ; — if  I have  taught  the  Public  how 
to  judge  of  the  Powers  which  a perfect 
Instrument  ought  to  possess,  I have  also 
stated  the  difficulties  which  the  Manufac- 
turers have  to  encounter  before  they  can 
make  it  perfect. 

I love  the  good  advice  given  to  us  by 
Quintilian,  and  have  done  my  best  to 
“ write  so  perspicuously,  that  not  only 
Every  body  may  understand  Me,  but  that 
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it  shall  be  impossible  for  Any  body  not  to 
understand  Me.”— Quint,  lib.  viii. 

I can  say  with  the  sage  Seneca,  “ I have 
Learned  only  to  be  able  to  Teach.  The 
most  interesting  discovery  would  have  no 
charms  for  me,  if  I only  was  to  be  the  repo- 
sitory of  it” — therefore,  I have  adopted  in 
this  Book,  the  plan  which  I originally  con- 
trived for  “ The  Cook’s  Oracle,”  of  assisting 
the  Memory  of  the  Reader  by  referring  from 
one  passage  to  another;  without  such  Re- 
fej'ences,  my  Book,  to  have  been  equally 
clearly  understandable  by  Persons  who 
have  not  previously  studied  the  subject, 
must  have  been  at  least  twice  as  big;  and 
instead  of  being,  as  it  is,  compressed  into  a 
single  snug  Duodecimo,  could  have  hardly 
been  contained  in  a couple  of  cumbersome 
Octavos. 

I have  been  regardless  of  what  Time 
or  what  Expense  it  has  cost  me  to  pro- 
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duce  my  Works — and  it  is  a most  cheer- 
ing reflection  to  me,  that  the  Confidence 
with  which  they  have  been  received,  has 
been  commensurate  with  the  Care  that  I have 
taken  to  compose  them. 

WM.  KITCHINER. 

London,  182.5. 
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INTRODUCTION. 


None  of  the  Elementary  or  Theoretical  Works  on 
Optics  or  Astronomy*,  which  I have  seen,  contain 
any  Directions  for  the  application  of  various 
Magnifying  Powers  to  Telescopes  of  various  con- 
structions ; or  for  their  proportion  to  the  size  of  the 
Instrument,  and  the  nature  and  distance  of  the  Ob- 
jects to  be  observed ; — No  Man  may  pretend  that  he 
can  jump  into  such  Knowledge  by  Theorising — it 
can  only  be  acquired  Experimentally,  by  a person  who 
has  perfect  Specimens  of  the  various  Instruments 
in  his  possession  at  the  same  time,  and  has  been  in 
the  Practice  of  employing  them 

“ Magno  labore,  raultisque  nocturnis  vigiliis,” 
for  the  especial  purpose  of  ascertaining  what  Powers 
they  possess,  and  to  what  Objects  they  are  applicable. 

Optical  Writers,  says  Jesse  Itamsden'\,  “ are 

* Except  some  Papers  in  the  Philosophical  Transactions,  and 
a few  others  which  I have  quoted  in  this  work. 

t See  his  Paper  on  Cassegranian  Telescopes,  page  419  of  tlie 
69th  Vol.  of  Ae  Phil.  Trans.,  quoted  in  this  work  in  the  Chapter 

on  CifJ&ftPa'rn'tii/ivto  U 
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usually  more  Theoretical  than  Practical” — they  have 
been  indeed  ! almost  in  the  ratio — that  Something  is 
more  than  Nothing,  or  that  the  Authors,  like  shrewd 
Jesse  Ramsden  himself,  have  found  it  easier  to  amuse 
their  Readers  with  Assertions,  than  they  found  it 
was  to  accumulate  a series  of  accurately  ascertained 
Facts,  and  to  shew  clearly,  how  Experiments  may  be 
easily  made,  by  which  Persons  entirely  unacquainted 
therewith  may  prove  the  truth  of  them. 

To  write,  and  to  collect  and  arrange  the  informa- 
tion contained  in  this  Volume  (although  it  may  pos- 
sibly fall  short  of  the  expectations  of  the  Reader), 
has  occupied  a considerable  portion  of  the  Writer’s 
time  during  a period  of  Thirty  Years — and  his  In-  , 
struments  for  Experiments,  have  cost  him  more  than 
Two  Thousand  Pounds,  for  his  principal  source  of 
acquiring  correct  information,  was  to  purchase  the 
most  perfect  Instruments,  and  try  them  with  his  own 
Eye,  which  gained  its  discriminating  power  only  by 
slow  degrees  and  by  extensive  experience. 

The  Author  does  not  regret,  but  rejoices  that  he 
has  employed  so  much  Time  and  Money  in  this 
manner ; the  Pursuit  was  a Pleasure  to  him  during 
the  time  he  was  eng-aged  therein,  and  now  it  is  over, 
he  enjoys  the  satisfaction  of  reflecting  that  while  he 
has  been  hunting  on  a favourite  Hobby,  he  has  found 
some  facts  in  the  fields  of  Science  which  have  not 
be§n  gathered  by  preceding  Writers, — which  will  not 
only  save  Persons  who  may  make  Optics  and  Astro- 
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nomy,  either  their  Business  or  Amusement, — much 
Trouble,  much  Time,  and  much  Expense,  but  more- 
over, much  straining  of  their  Sight,  to  no  purpose 
but  to  prematurely  impair  it. 

The  Author’s  Eye  at  his  age  of  47,  is  as  much 
impaired  by  the  extreme  exertion  it  has  been  put  to 
in  the  prosecution  of  this  work,  as  an  Eye  which 
has  been  employed  only  in  ordinary  occupations 
usually  is  at  60  Years  of  Age  ! — to  cultivate  a little 
acquaintance  with  the  particular  and  comparative 
Powers  of  Telescopes  requires  many  extremely  Eye- 
teasing Experiments. 

Whatever  inexperienced  Amateur  Opticians  may 
think  of  this  declaration  of  the  Cook’s  Oracle,  — 
'tis  true. 

The  Author  respectfully  assures  the  Reader  that 
these  Lucubrations  from  his  Garret  are  the  result  of 
Actual  Experiments  j — like  those  lately  published 
fiom  his  Kitchen,  they  are  faithful  statements  of 
facts  repeatedly  proved. 

He  has  been  very  careful,  in  constructing  every 
sentence  of  this  work  with  words  which  would 
express  his  meaning  clearly  and  correctly  — never- 
theless,—as  he  wishes  to  give  those  who  may  do 
him  the  honour  of  perusing  this  Book,  all  the  Informa- 
tion that  he  has  accumulated,  in  the  most  convincino- 
and  most  satisfactory  manner;  he  has  never  been 
contented  to  offer  his  mere  Assertion,  whenever  it 
has  been  in  his  power  to  produce  Proofs  from  the 
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writings  of  Experienced  Authors,  notwithstanding 
he  has  been  told  that  some  people  may  say  he  has 
done  so  merely  to  make  his  Book  bigger — 

“ Let  Hercules  himself  do  what  he  may, 

Tire  Cat  will  mew,  the  Dog  will  have  his  day.” 

He  has  endeavoured  to  convey  as  much  information 
in  as  few  words  as  he  could  without  being  in  danger 
of  being  obscure,  and  to  concentrate  his  work  into 
as  small  a compass  as  possible — that  it  might  be 
given  to  the  Pubhc  for  as  small  a sum,  and  thereby 
be  as  generally  Useful  as  possible, — which  the  ful- 
ness of  the  following  pages  sufficiently  testifies. 

The  Author  humbly  and  candidly  confesses,  that 
after  30  years’  experience,  there  are  many  things 
about  Telescopes  which  He  cannot  account  for — 
and  some  which  he  has  not  met  with  any  Optician 
who  has  explained  to  his  satisfaction ; notwithstand- 
ing, the  Reader  may  have  heard  a Would-be-thought 
Philosopher  “ say  more  in  an  Hour  than  he  can 
stand  to  in  a Year,”  who,  upon  whatever  may  be  the 
topic  of  conversation  at  the  moment — hath  a Mint 
of  Phrases  in  his  Brain,”  and  will  talk  you  a torrent 
of  technical  terms,  and  incontinently  unload  his  j 
Imagination  with  such  inconvenient  volubility,  that  a j 
bystander  who  has  not  studied  the  subject  which  i 
one  of  these  verbose  declaimers  may  be  pleased  to 
discuss,  cannot  choose  but  suppose  that  such  a 
sparkling  speaker  must  have  actually  seen,  the 
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things  which  he  has — merely  supposed  ; and  in  fact 
for  his  Account  of  which — he  has  been  under  much 
greater  obligations  to  his  Imagination,  than  he  has 
been  to  his  Memory. 

The  Writer  has  heard  some  Gab-gifted  children 
chatter  upon  these  subjects,  as  fast  as  a Wilderness 
of  Monkeys  do,  when  those  funny  fellows  fancy  that 
the  Nuts  are  beginning  to  ripen. 

“ Words  are  like  Leaves,  where  they  do  most  abound 
Much  Fruit  or  Sense  beneath  is  seldom  found.” 

The  Reader  will  meet  with  plenty  of  plausible 
persons  who,  although  they  hardly  know  the  Eye- 
end  from  the  0^'ecGend  of  a Telescope,  will  try  hard 
to  make  believe,  that  it  is  as  easy  to  write  a True 
Essay  on  Telescopes, — as  it  is  to  eat  a Good  bit  of 
Good  Bread  and  Butter  when  you  have  a Good 
Appetite. 

To  be  accurate,  and  to  be  easily  understood  even 
by  those  who  have  never  studied  the  subject  treated 
on  in  this  Volume,  has  been  the  aim  of  the  Author, 
who  fears  that  his  plain  phrase  will  not  be  so  savoury 
to  some  who  fancy  themselves  and  pass  on  others  as 
prodigiously  profound  persons,  merely,  because  they 
have  crammed  their  Memoiy  with,  and  amaze  their 
Auditors  by  repeating  a confounding  crowd  of  cramp 
terms  which  are  only  intelligible  to  those  who  have 
been  educated  in 

The  pomp  of  Learning  and  the  pride  of  Words.” 

The  Author’s  Prayer— has  been  for  the  power  to  write 
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Truth  in  terms  immediately  convincing  to  All  Per- 
sons of  Common-sense  who  can 

“ Spell  and  Put  together.” 

He  has  cautiously  avoided  discussing  any  point  wliich 
he  has  not  very  deliberately  considered,  and  in  almost 
every  instance  has  proved  by  repeated  experiments — 
and  he  takes  the  liberty  to  humbly  advise  Young 
Gentlemen  who  may  amuse  themselves  with  wTiting 
upon  Scientific  subjects,  and  Critics  who  pretend  to 
comment  on  the  Writings  of  others,  of  some  of 
whom  it  is  said  truly  enough,  that  they  are  quite 
as  admirable  for  their  Wit,  as  they  are  estimable 
for  their  Veracity,  — and  that  the  Public  would 
not  respect  them  less,  if  they  would  sometimes  con- 
descend to  make  sure  by  careful  experiments  that 
their  assertions  are  True, — before  they  presume  to 
print  them  and  barbarously  waste  Paper  in  the  pro- 
pagation of  Error. 

During  the  time  that  the  Author  was  writing  this 
Book,  he  read  with  equal  surprise  and  regret  in  a 
work  on  Optics,  &c.  published  not  long  since, 
(among  other  erroneous  opinions,)  that  Reflecting  Te- 
lescopes are  lighter*  than  Refractors,  because  more 
Light  is  reflected  by  Specula  than  is  transmitted  by 
G lass ! ! 

* When  it  is  said  that  more  Light  is  transmitted  by  an  Achro- 
matic Object  Glass,  tJian  is  reflected  by  the  Specula  of  a Reflect- 
ing Telescope — the  Instruments  being  of  equal  aperture  and  the 
Magnifying  powers  being  equal — tlie  Author  does  not  mean  that 
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There  would  be  no  difficulty  in  assenabling  too 
many  specimens  of  equally  unaccountable  mistakes 
which  pretenders  to  Science  have  published  at  no 
very  distant  period  — but  the  Authors  object,  is 
purely  the  establishment  of  Truth. 

It  would  greatly  diminish  the  Pleasure  which  the 
Writer  receives  from  giving  the  following  pages  to  th^ 
Public,  if  he  thought  that  they  contained  any  remark 
which  ought  to  be  disagreeable  to  any  Honest  Man. 

Whenever  the  cause  of  Truth  has  compelled  him  to 
protest  against  any  opinion  which  has  been  promul- 
gated by  a preceding  writer  — he  has  taken  every 
pains  to  perform  that  part  of  his  Duty,  with  as 
much  Delicacy  and  Gentleness  as  possible. 

“ 'Tis  Excellent  to  have  a Giant’s  Strength,  but  it 
is  Tyrannous  to  use  it  like  a Giant.” 

“ Who,  for  the  poor  Renown  of  being  smart, 

Would  plant  a Sting  within  a Brother’s  heart?” 

There  is  no  subject,  the  Writings  on  which  the 
Author  has  examined,  in  which  he  has  found  fewer 
Facts,  than  that  which  he  is  about  to  endeavour  to 
illustrate  in  the  following  pages — the  Practical  part 
of  Optics  is 

“ Puzzled  with  Mazes  and  perplexed  with  Errors,” 

which  those  who  have  attempted  to  unravel  and 
illuminate  by  Theory  unproved  by  Practice,  have  not 

the  pencil  of  rays  proceeding  from  the  Achromatic  Telescope  is 
bigger  than  that  from  the  Reflector — but  that  it  is  brighter,  and 
consequently  makes  a more  vivid  impression  on  the  Eye. — W.  K. 
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diminished — for  instance,  — as  soon  as  Mr,  Dol- 
LOND  had  by  many  Years  of  arduous  and  patient 
apphcation  brought  his  Discovery  of  the  Achro- 
matic Object  Glass  to  such  perfection  as  promised 
to  reward  him  for  it,  that  magnificent  mechanical 
Philosopher,  the  Duke  de  Chaulnes,  raved  with 
the  noble  ardour  of  immediately  pouncing  upon  our 
industrious  and  ingenious  Optician's  invention, 
(notwithstanding  Mr.  D.  had  obtained  a Patent  to 
secure  him  some  fruit  from  his  labour,)  and  under- 
took to  teach  all  the  World  how  to  make  Achro- 
matic Telescopes ! ! ! 

This  most  Noble  Duke,  persuaded  Mr.  Dollond  to 
let  him  have  one  of  his  best  Object  Glasses,  which, 
as  soon  as  His  Excellency  received.  His  Grace  had 
cut  out  of  its  cell,  and  the  Curves  and  Densities  of 
the  three  Lenses  composing  it  carefully  measured 
and  weighed ; vainly  imagining — that  once  in  pos- 
session of  such  Data — it  would  be  as  easy  to  make 
a Telescope,  as  it  is  to  make  a Tube. 

How  far  the  Nobleman’s  project  succeeded,  maybe 
guessed  from  the  fact,  — that  although  the  Object 
Glass,  as  adjusted  by  Dollond,  was  a beautiful  one — 
yet  that  when  the  Duke  re-adjusted  it  after  he  had 
separated  it,  although  it  was  as  good  as  ever  to  look 
at — it  was  good  for  nothing  to  look  through  !,! ! 

So  much  was  Theory  at  odds  with  Practice*,  that 


* T/ie  Practical  Optician  can  employ  his  skill  in  producing  suit- 
able Specula  for  counteracting  each  other’s  errors  vitli  respect  to 
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%vhen  in  possession  of  the  component  parts,  the, 
Parisian  Sfavans  en  masse  could  not  even  properly 
combine  them.  — Such  disappointments,  the  late 
Mr.  Peter  Dollond  informed  me,  have  happened  to 
several  prodigiously  sublime  Geniuses. 

Many  Projects  which  appear  plausible  enough, — ■ 
and  pretty  enough,  — and  perfect  enough,  upon 
Paper — cut  but  a monstrous  Queer  Figure  when  put 
to  the  proof  by  Practice. 

However  crude,  however  imperfectly  expressed, 
some  of  the  following  Observations  may  prove,  — 
notwithstanding  the  Extreme  Care  which  with  un- 
feigned humility,  I avow,  I have  bestowed  in  order 
to  be  Accm-ate  and  Intelligible  — I hope,  that  my 
Reader  will  give  me  credit  for  having  done  my  best. 


the  united  effect  of  their  separate  aberrations,  better  than  the  cal- 
culating Theorist  can  pretend  to  direct;  for  the  moment  he 
screws  his  Eye-tube  alternately  out  and  in,  beyond  and  short  of 
distinct  vision,  he  knows  the  nature  of  the  curves  of  his  specula, 
and  whether  the  indistinctness  arising  from  aberration  is  the  conse- 
quence of  too  much  or  too  little  curvature  at  the  vertex  of  tlie 
large  speculum,  and  can  make  the  final  alteration  accordingly. 
This  practical  dexterity  arising  out  of  experience,  supersedes  the 
necessity  of  tedious  mathematical  calculations,  where  some  part 
of  the  data  must  necessarily  be  assumed ; and  it  is  much  to  be 
wished,  practical  men  who  have  excelled  in  this  particular  and 
in  other  practical  niceties,  would  initiate  tlieir  successors  in  the 
secrets  that  promoted  their  excellence,  that  posterity  may  benefit 
from  their  successful  labours. -- Dr.  RnEs's  New  Ci/clopadia,  4to. 
vol.  35.  Art.  Telescopes. 

a 2 
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to  put  him  into  complete  possession  of  all  the  “ Prac- 
tical Facts”  which  I have  been  able  to  accumulate. 
But  notwithstanding  my  Work  is  the  result  of  many 
Experiments  and  much  Thinking,  I am  very  far  from 
being  satisfied  with  it,  and  beg  that  especially  the 
chapter  on  Illuminating  Power  may  be  considered  as 
submitted  to  the  Reader  rather  as  a relation  of  the 
Author’s  ideas  and  opinions  on  that  subject,  than  as 
a Collection  of  indisputably  established  Facts. 

Of  the  “ Castles  in  the  Air,”  which  Theory  has 
built  at  the  expense  of  Truth, — there  are  none  more 
numerous,  none  less  substantial,  than  those  which 
have  been  imagined  by  Amateur  Opticians. — I have 
not  aimed  at  amusing  such  Ingenious  Persons  with 
abstruse  Algebraic  calculations, — by  which,  if  some 
Writers  have  succeeded  in  exciting  a few 

“ Wits  and  Philosophers,  Scholars  and  Conjurors,” 

to  admire  their  amazing  erudition — it  has  been  at 
the  unwise  expense,  of  rendering  their  works  en- 
tirely useless  to  the  Public. 

The  humble  efforts  of  the  Author,  have  been  to 
give  a plain  unvarnished  account  of  the  actual  results 
of  his  own  experience.  Let  Truths  interesting  to 
All,  be  told  in  Terms  intelligible  to  All.  | 

“ PRO  BONO  PUBLICO.” 

It  is  universally  lamented;  that  almost  all  Arts  and 
Sciences  are  more  or  less  encumbered  with  Vulgar  j 
Errors  and  prejudices,  which  Avarice  and  Ignorance  j 
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have  unfortunately  sufficient  influence  to  preserve, 
by  help  (or  hinderance)  of  undefinable,  and  not  sel- 
dom unintelligible,  technical  terms — Anglic^,  nick- 
names— which  instead  of  enlightening  the  subject  it 
is  pretended  they  were  invented  to  illuminate,  serve 
but  to  shroud  it  in  almost  impenetrable  obscurity. 

The  Professors  of  most  Arts  seem  to  be  fond  of 
keeping  up  the  Mystery  of  them,  and  of  preserving 
the  accumulated  prejudices  of  ages  past  undimi- 
nished,—one  might  fairly  suppose  that  those  who 
have  had  the  courage  and  perseverance  to  penetrate 
the  veil  of  Science,  were  delighted  with  placing  dif- 
ficulties in  the  way  of  those  who  may  attempt  to 
follow  them,  on  purpose  to  deter  them  from  the  pur- 
suit, and  that  they  could  not  bear  that  others  should 
climb  the  hill  of  Knowledge  by  a readier  road  than 
they  did  themselves. 

Such  is  I esprit  du  corps,  that  as  their  predecessors 
supported  themselves  by  serving  out  gradatim  et 
stillatim,  and  retailing  with  a sparing  hand  the  in- 
formation they  so  hardly  obtained,  they  think  it  con- 
venient to  follow  their  example ; and  willing  to  do  as 
they  have  been  done  by,  leave  the  inheritance  un- 
dnnmished  to  those  who  may  succeed  them. 

From  these  most  determined  and  formidable 
enemies,  the  lovers  of  Optics  and  of  Astronomy  have 
as  many  impediments  to  contend  with  as  need  be; 

very  many  more  than  sufficient  to  suspend  their 
curiosity  on  the  subject. 
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Tlie  principal  prejudice  -which  has  confined  the  usC 
of  Telescopes,  and  the  study  of  Astronomy,  to  the 
Observatories  of  the  State  and  of  a few  opulent  indi- 
viduals, is,  the  supposition  that  an  immense  apparatus 
of  unmanageable  magnitude,  not  only  costly  to  pur- 
chase, but  difficult  to  procure,  and  troublesome  to  use, 
is  indispensably  necessaiy  to  discern  what  has  been 
described  by  various  Astronomers. 

Neither  such  enormous  Instruments,  nor  monstrous 
Magnifying  Powers,  are  either  made  or  used,  except 
for  mere  curiosity,  nor  will  they  ever  be  even  men- 
tioned, for  any  other  purpose  in  future — except  to  set 
the  Million  a wondering  ! 

Most  of  the  principal  phenomena  of  the  Celestial 
Bodies  are  visible  with  Glasses  of  moderate  Dimen-r 
sions; — the  rationale  of  Telescopes  has  this  in  com- 
mon with  other  things,  that  what  is  most  worth 
learning,  is  easiest  learned  j and  is,  like  many  other 
sciences,  reduced  to  a few  clear  pomts: — there  are 
not  so  many  certain  truths  in  this  World,  as  some 
children  imagine. 

Errors,  and  Omissions,  will  no  doubt  be  found, 
and  from  enlightened  Readers  — wiU  meet  in- 
dulgence— They, — know,  how  unavoidably, — and 
how  often, — such  defects  will  escape  the  most  perse- 
vering industry,  and  most  unremitted  attention. 

Those  who  are  already  well  acquainted  with  tlie 
subject,  which  I have  devoted  many  an  hour  to  illu- 
minate so  plainly,  that  I hope  All  may  easily  and 
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exactly  understand,  may  think  I have  upon  some 
things,  been  tediously  minute,  — but  if  I had  not 
written  so  circumstantially  and  so  fully,  I could  not 
have  enjoyed  the  maiir  Gratification  which  I receive 
from  publishing  my  Book, — which  is  the  Pleasure 
of  hoping  that  it  will  give  an  attentive  Reader  in  a 
Few  Hours  what  the  Writer  has  been  collecting 
Man^  Years. 

“ Content,  if  hence  th’  unlearn’d  their  Wants  may  view, 

Tlie  leam’d  reflect  on  what  before  they  knew : 

Careless  of  Censure,  nor  too  Fond  of  Fame ; 

Still  pleas’d  to  praise,  yet  not  afraid  of  blame ; 

Averse  alike  to  flatter  or  offend  ; 

Not  free  from  faults,  nor  yet  too  vain  to  mend.” 

Pope. 

In  the  course  of  my  Optical  pursuits,  I have  been 
in  possession,  and  have  embraced  every  opportunity 
of  ascertaining,  experimentally,  the  peculiar  powers 

of  Telescopes  of  all  kinds,  and  I may  almost  say  of 
all  sizes. 

Many  of  the  51  Instruments  in  the  following 
List,  were  made  at  my  particular  desire,  and  without 
limiting  the  price,  as  Specimens  of  what  Optical  art 
could  produce  in  Telescopes  of  various  Dimensions 
and  constructions;  by  Messrs.  Berge,  Cary,  Cuth- 
bert,  Dollond,  Pierce,  Ramsden,  Shuttle 
WORTH,  Tulley,  Watson,  &c. 

I have  not  affixed  the  Makers’  names  to  the  Seve- 
ral Instruments,  because,  although  I believe  that 
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every  care  was  taken  to  render  them  as  perfect  as 
possible — nevertheless  some  of  them  have  Imperfec- 
tions which  I can  speak  freely  of  when  speaking 
merely  of  the  performance  of  the  Instruments,  but 
which  I could  not  do,  if  I spoke  of  them  as  the  pro- 
ductions of  Persons  to  whom  I am  indebted  for  many 
of  the  facts  herein  stated. — The  History  of  the  Tele- 
scopes may  be  interesting  in  all  Countries  and  in  all 
Ages,  long  after  the  Opticians  and  the  Author  have 
been  totally  eclipsed. 

I have  earnestly  endeavoured  to  write  the  Truth, 
unbiassed  by  prejudice  or  partiality  to  any  particular 
system  of  Optics  or  Opticians  — to  ensure,  and  to 
prove  this,  is  another  reason  why  I have  not  men- 
tioned either  the  Makers  of,  nor  the  Prices  which  I 
paid  for 


THE  TELESCOPES  EMPLOYED  IN  THE  EXPERI- 
MENTS RELATED  IN  THIS  WORK. 
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0 
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CHAPTER  II. 


ACHROMATICS. 

Mr.  Peter  Dollond,  the  son  of  the  Inventor,  in- 
formed me  that  about  the  year  1760  He  met  with  a 
pot  of  uncommonly  fine  pure  Flint  Glass : it  is  said 
that  Crown  Glass  was  also  then  to  be  had  of  much 
superior  quality  than  has  been  made  since  the  ces- 
sation of  the  glass-house  at  Ratcliffe, 

Messrs.  Dollonds  were  then  in  the  meridian 
of  their  age  and  experience,  and  equally  indefatigable 
and  ingenious  in  their  endeavours  to  improve  Optical 
Instruments. 

After  numerous  experiments, — they  could  not  even 
then,  with  these  confessedly  excellent  materials, 
produce  Object-glasses  of  larger  aperture  than  Three 
Inches  and  three-quarters: — such  was  then,  when 
we  are  assured  that  it  was  much  more  plentiful  than 
it  is  now,  the  extraordinary  rarity  of  good  Glass  of  a 
large  diameter,  and  of  the  thickness  required, — and 
the  extreme  difficulty  of  precisely  ascertaining  and 
working  the  figure  of  the  curves  with  that  accuracy 
which  is  necessary  to  completely  correct  the  aberra- 
tion in  large  apertures. 

Though  the  curve  of  the  Concave  lens  may  be  so 
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proportioned  as  to  aberrate  exactly  equal  to  the  Con- 
vex lenses,  near  the  axis ; nevertheless,  as  the  refrac- 
tions of  the  Crown  and  the  Flint  glass  are  not  equal, 
this  equality  of  the  aberrations  cannot  he  continued  to 
any  great  distance  from  the  axis” — Mr.  P.  Dol- 
LOND  s Letter  to  Mr.  Short : see  Phil,  Trans,  for 
1765. 

Mr.  P.  DoUond  was  the  Father  of  Practical 
Optics — according  to  the  above  assertion,  the  late 
productions  (as  it  is  said)  of  pure  glass  of  more 
than  six  inches  in  diameter  will  probably  not  be  of 
much  use ; from  the  impossibilty  of  producing  with  a 
larger  aperture  the  due  degree  of  Defining  Power— 
without  which,  the  only  purpose  they  are  applicable 
to,  is  for  shewing  the  Milky  Way  and  Nebula. 

Mr.  P.  Dollond  did  not  extend  the  diameters  of  his 
Object-glasses  beyond  3-^^  inches ; except  a few  of 
Four  inches  aperture,  of  Six,  Seven,  and  Ten  feet 
focus,  and  the  ten  feet  Achromatic  which  is  now 
applied  to  the  Transit  Instrument  at  the  Royal  Obser- 
vatoiy  at  Greenwich,  and  has  a Double  object-glass 
of  Five  inches  diameter,  which,  Mr.  Peter  DoUond 
told  me,  is  the  largest,  and  the  only  one  of  that  size 
which  he  ever  made  Two  or  Three  10  feet  Achro- 
matics,  of  5 inches  aperture,  have  lately  been  made 
by  Mr.  G.  Dollond,  and  One  by  Mr.  Tulley.  See  his 
Letter  m the  Chapter  on  Illuminating  Power. 

I have  not  seen  through  an  Achromatic  with  an 
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Object  Glass  of  larger  aperture  than  3^^  inches  dia- 
meter, which  has  entirely  satisfied  my  eye,  for  ob- 
serving Double  Stars — the  Division  in  Saturn’s  Ring, 
&c.  and  have  seen  very  few  of  that  size — the  defining 
power  of  which  was  quite  sharp  with  the  whole 
aperture. 

N.B.  Many  Achromatics,  which  appear  exter- 
nally to  be  of  much  larger  diameter — -are  conti-acted 
by  a stop  within  the  tube  to  a much  smaller  dia- 
meter, (See  Cautions  to  be  observed  before  mea- 
suring Magnifiers,  in  the  16th  Chapter  of  this  work.) 

It  is  to  be  lamented  that  so  many  circinnstances 
must  combine  to  the  perfect  formation  of  Achro- 
matic* Telescopes. 

* “ When  the  Convex  and  Concave  Lenses  are  both  ground 
and  polished,  they  require  care  in  putting  them  properly  into  the 
Tube,  so  that  they  may  have  their  common  axis  coinciding  wiUi 
the  axis  of  die  Eye-glasses,  in  order  that  every  part  of  die  field  of 
view  may  be  equally  distinct  and  free  from  colour ; and  as  diere 
will  always  be  some  errors  of  workmanship,  and  as  both  lenses, 
but  particularly  the  flint,  may  not  be  perfectly  homogeneal,  one  of 
the  lenses  must  be  turned  round  in  the  common  cell,  till  the  faults 
of  one  lens  are  observed  to ' correct  those  of  the  other  as  much  as 
possible ; which  will  be  known  when  the  vision  is  most  distinct, 
or  the  object  best  defined. 

“ Should  any  Colour  remain  about  the  edges  of  the  object,  the 
prismatic  aberration  is  not  corrected ; — and  if  indistinctness  does 
not  take  place  soon,  and  at  equal  distances  from  the  point  of  disr 
tinct  vision,  when  the  Eye-tube  is  moved  in  and  out,  the  cor- 
rection for  spherical  aberration  is  not  perfect. 
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“ In  the  first  place,  the  focal  distances,  as  well  as 
the  particular  surfaces,  must  be  very  nicely  propor- 
tioned to  the  densities,  or  refracting  powers  of  the  crown 
and  flint  glass,  the  dispersive  power  of  which  is  very 
apt  to  vary  in  the  same  sort  of  Glass  made  at  dif- 
ferent times,  and  indeed  not  unfrequently  in  different 
parts  of  the  same  pot  of  Glass  — this  want  of  homo- 
geneity is  universally  complained  of  by  Opticians. 

“ Secondly,  the  centres  of  the  two  glasses  must  be 
placed  truly  on  the  common  axis  of  the  Telescope, 
otherwise  the  desired  effect  will  be  in  a great  mea- 
sure destroyed.  Add  to  this,  that  there  are  some- 
times six  and  always  four  surfaces  to  be  wrought 
perfectly  spherical ; and  any  person,  but  moderately 
practised  in  Optical  operations,  will  allow  that  there 
must  be  the  greatest  accuracy  through  the  whole 
work.’’ — Mr.  J.  Dollond’s  Experiments  of  the  Re- 
frangihility  of  Light. 

The  difficulty  of  obtaining  large  Object-glasses 
induced  them  to  make  Binocular  Telescopes.  Mr.  Au- 

“ A double  Object-Glass  is  much  more  easily  adjusted  for  a 
good  central  position,  and  for  the  counteraction  of  opposite  errors 
of  workmanship  and  imperfection  of  glass,  than  «,  triple  one,  and 
has  moreover  more  light,  in  consequence  of  having  but  four  re- 
flecting surfaces ; but  as  it  does  not  admit  of  any  changes  of  the 
faces  of  the  final  adjustment,  the  lenses  require  to  be  both  truly 
calculated  and  nicely  worked,  in  order  to  make  the  practice  corre- 
spond with  the  theory.”— Dr.  Rees’s  New  Cyclopcedia,  vol.  35. 
Art.  Telescopes. 
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bert  had  one  composed  of  two  Five  feet  Achromatics, 
each  having  an  aperture  of  three  inches. 

Dr.  Irwin  says,  after  a variety  of  experiments, 
that  objects  seen  with  both  Eyes  appear  only  one- 
thirteenth  part  brighter  than  when  seen  with  only 
one  eye. 

Mr.  George  Dollond  has  assured  me,  that 
objects  seen  with  both  eyes  at  once,  as  with  a 
Binocular  Telescope,  certainly  appear  not  only 
brighter  but  larger,  as  3 to  2,  though  the  Magnify- 
ing power  be  the  same. 

The  following  observations  on  Binocular  Telescopes 
were  given  to  me  by  Dr.  Firminger,  who  was 
many  years  Observer  at  the  Royal  Observatory. 

“ When  the  Binocular  Telescope  is  well  adjusted 
by  looking  with  each  Eye  separately  through  its  re- 
spective Telescope,  and  adjusting  each  to  distinct 
vision;  then,  if  both  Eyes  be  applied  at  once,  the 
field  of  the  telescope  appears  enlarged,  and  the 
Object  viewed  much  brighter  than  'when  seen 
through  either  Telescope  separately. 

“ It  is  difficult  to  estimate  the  comparative  differ- 
ence of  brightness  in  the  appearance  of  an  object 
when  seen  through  this  construction  of  Telescopes, 
when  one  Eye  and  one  Telescope  is  applied,  and 
both  Eyes  at  once. 

It  has  been  generally  admitted  by  those  who 
have  looked  through  a Binocular  Telescope,  that  the 
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degree  of  brightness  with  both  telescopes  is  not 
twice  so  great  as  with  either  telescope  separately. 
Some  people  have  estimated  the  distinctness  and 
brightness  of  an  object  seen  through  both  telescopes 
at  once,  to  be  to  the  same  when  seen  through  either 
separately,  as  3 to  2. 

“ My  obseiwations  go  no  farther  than  to  have 
remarked,  that  when  looking  at  a distant  land  object 
through  both  Telescopes  at  once,  the  object  appears 
much  brighter  and  more  distinct,  than  when  viewed 


through  either  of  the  Telescopes  separately.” 

The  Author,  having  lost  the  sight  of  one  Eye is 

incapable  of  investigating  this  subject  himself. 

The  Forty-six  Achromatic*,  which  established 
the  fame  of  this  kind  of  telescope,  has  a Treble  Ob- 
ject-glass of  3-^^  inches  aperture,  and  is  composed  of 
two  Convex  lenses  of  Crown  glass  with  a Concave  of 
white  Flint  between  them. 

Before  these  were  made,  the  Refracting  Telescopes 
for  Astronomical  purposes,  were  of  the  unwieldy 
length  of  at  least  35  feet ; and  the  long  Aerial  Tele- 
scope of  HuYGENst,  which  is  now  in  the  possession 
of  the  Royal  Society,  to  whom  Mr.  Huygens  be- 
queathed it  in  his  last  Will,  is  123  feet  focus. 


In  a conversation  I had  with  Mr.  P.  Bollond,  a few 

years  ago,  he  informed  me,  that  when  the  great  Huy- 

* See  an  Account  of  Dollond’s  46  inch,p.  54  of  the  Fhil.  Trans 
for  1765,  vol.  Iv. 


t See  Mr.  Huygens’s  circumstantial  Description  of  his  Aerial 
Telescope,  in  the  Thil.  Trans,  for  1684,  in  the  15tli  vol.  p.  668. 
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genian  glass  of  123  feet  focus,  6 inches  aperture,  and 
charged  with  a power  of  218  times,  was  in  the  pos- 
session of  Mr.  Cavendish,  it  was  compared  with  one  of 
his  46  inch  treble  object-glass  Achromatics;  and  the 
gentlemen  who  were  present  at  the  trial,  said  that  the 
Dwarf  was  fairly  a match  for  the  Giant, — the  trouble 
of  managing  which  was  tiresome  indeed. 

Huygens  called  it  an  Aerial  Telescope,  (see 
Index,)  from  its  being  used  without  a tube,  by  placing 
the  object-glass  on  the  end  of  a long  pole,  the  top 
of  a tree,  or  roof  of  a house. 

To  those  who  know  how  important  it  is  that  the 
Eye-glass  and  Object-glass  should  be  placed  pre- 
cisely parallel  to  each  other,  it  will  be  matter  of 
much  surprise,  how  any  thing  could  be  seen  dis- 
tinctly with  such  Unmanageable  machines. 

Dr.  Derham,  who  had  Huygens's  Telescope  some 
time  in  his  possession,  says  it  was  excessively  diffi- 
cult to  observe  distinctly  and  accurately  with  it. 

The  best  account  I have  seen  of  the  performance 
of  this  glass,  is  in  Dr.  Derham’s  preface  to  his  Astro- 
Theology,  which  is  written  with  more  quiet  Good 
sense,  and  the  genuine,  unaffected  spirit  of  Truth, 
than  any  Astronomical  Essay  which  I have  pe- 
rused.— ^Vide  the  last  number  of  The  Guardian. 

Dr,  D.  observes  in  page  4 of  his  preface— “ I dis- 
covered it  to  be  an  excellent  Glass,  which  Dr.  Hook— 
and  many  of  our  best  judges,  took  to  be  good  for 

nothing.’' 
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The  following  Table  is  an  abridgment  of  the  Pro- 
portions of  Huygens’s  Refractors,  copied  from 
Dr.  Smith’s  Optics., 


Dist.  of  focus 
Object-glass. 

Diameter  of 
Aperture. 

Magnifying 

Power. 

Feet. 

Inch  and  Decern. 

3 

0.95 

34 

5 

1.23 

44 

10 

1.73 

63 

30 

3.00 

109 

40 

3.46 

120 

50 

3.87 

141 

100 

5.49 

200 

200 

7.75 

281 

By  comparing  this  Table  of  the  proportions  of  the 
old  Refractors  with  the  following  Table  of  the  Achro- 
matics,  it  will  be  seen  that  the  Refractor  of  50  feet 
did  not  bear  a greater  aperture  than  the  Achromatic 
of  5 focus. 
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FOCAL  LENGTHS  APERTURES  — ILLUMINATING 

PORTABLE  ACHROMATIC  TELESCOPES  MADE 

59  ST.  Paul’s  church- 


Name  they 
are  usually 
called  by. 

Focal  Length. 

Length  when 
in  use. 

Diameter  of 
Aperture* 

Illuminating 

Power. 

Usual  Magni- 
fying Power 
for  Land 
Objects. 

Feet 

1 

Inches 

0 

Feet 

0 

hiches 

9 

Feet 

1 

Inches 

2 

Inch  Tenths 

M 

11 

16 

1 

6 

1 

1 

1 

7 

1-3 

16 

22 

2 

0 

1 

8 

2 

4 

1-6 

25 

25 

3 

0 

2 

6 

2 

4 

2- 

40 

35 

4 

0 

3 

8 

4 

4 

2-7 

72 

45 

achromatic  TELESCOPES  FOR 


2 6 

2 6 

2* 

40 

35 

3 6 

3 8 

2-7 

72 

45 

3 10 

3 10 

3-6 

128 

60 

5 0 

5 3 

3-8 

144 

65 

The  respective  Powers  and  particular  Uses  of  the 

N.B.  The  cause  of  the  variation  in  the  price  of  Telescopes  of  the  same 

the  Account  of  the  three  feet  and  a half 
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KD  MAGNIFYING  POWERS'  AND  PRICES,  8CC.  OF  THE 
Y G.  DOLLOND,  OPTICIAN  TO  HIS  MAJESTY, 

ARD,  LONDON. 

Magnifying  Power 
for  Planets. 

Magnifying 
Power  with 
Dr.  KitchinePs 
Pancratic. 
Eye-tuhe. 

Length  when 
shut  up. 

Weight  in 
Ounces. 

Price. 

30 

Feet  Inches 

0 5 

6 

L.  s.  d. 

2 2 0 

40 

25  to  100 

0 7 

8 

3 3 0 

60 

30  to  120 

0 9 

16 

4 4 0 

80 

30  to  120 

0 10 

30 

7 7 0 

130 

30  to  120 

1 2 

64 

13  13  0 

kSTRONOMICAL  OBSERVATIONS. 

80 

50  to  200 

The  length  of 
this  and  the 
following  Te- 
lescopes when 
shut  up  is 
a few  inches 
more  than 
their  focal 
length. 

so,  130,  180 

100  to  400 

£21  to  84 

SO,  130,  180 

100  to  400 

£100  to  200 

10,  190,  2.50 

150  to  600 

Same  price  as  the 
4(j  inch. 

pove  Telescopes  are  stated  in  the  following  pages. 

le  — is  explained  in  the  Anecdote  of  the  “ Humorous  Hosier.'’ — See 
chromatic — in  a few  pages  further  on. 

c 

1 

1 
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The  astronomical  Mr.  Aubekt,  gave  an  unquali- 
fied preference,  to  the  46  inch,  (which  has  three 
object-glasses  of  three  inches  and  three-quarters 
aperture,)  to  all  other  Telescopes  : and  his  liberal 
mind,  and  constant  attention  to  these  subjects,  (he 
had  no  less  than  36  Telescopes)  gave  him  oppor- 
tunities of  gaining  accurate  information. 

The  46  inch  Achromatic,  with  a triple  Object-glass 
of  3|  aperture,  was  also  Dr.  Maskelyne’s  favourite 
instrument,  and  that  which  he  made  most  use  of, 
and  he  had  a small  room  in  the  Royal  Observatory* 
fitted  up  on  purpose  for  this  telescope. 

At  the  Sale  of  Mr.  Aubert’s  Astronomical  In- 
struments, which  were  sold  by  Mr.  Sotheby,  July 
24,  1806,  I purchased  the  celebrated  Achromatic  of 
46  focus,  with  a triple  object-glass  of  three  inches 
and  three-quarters  aperture,  (as  it  is  usually  called, 
but  which,  in  truth,  is  inches  in  diameter)  which 
was  originally  fitted  up  by  Mr.  Ramsden  for  the 
Honourable  Topham  Beauclerc,  and  Air.  Ramsden’s 
name  is  engraven  on  the  eye-end  of  the  telescope  : 
but  Mr.  Peter  Dollond  informed  me  that  he  made 
the  Object-glass,  and,  smiling  at  the  time  he  gave 
me  this  information,  said,  “ Yes,  that  Object-glass 
is  one  of  the  things  which  is  to  make  me  immortal 
and  appeared  pleased  with  the  permission  I gave 

* Vide  Evans’s  Juvenile  Tourist,  which  contains  a very  com- 
plete account  of  the  Greenwich  Observatoiy. 


ACHROMATICS. 


27 


him  to  encrrave  his  title  to  it  on  the  tube  of  the 

o 

Telescope. 

To  have  composed  such  a perfect  piece  of  art,  is  so 
honourable  to  an  artist,  that,  to  avoid  all  appearance 
of  partiality  or  prejudice  to  either  of  these  eminent 
Opticians, — I distinguish  it,  by  the  name  of  the  per- 
son it  was  made  for,  “ Beauclerc.” 

This  Telescope  is,  indeed,  one  of  those  perfect 
Instruments  which  are  rarely  produced,  and  only 
attainable,  by  a happy  concurrence  of  the  various  cir- 
cumstances which  combine  to  form  these  compound 
Object-glasses. 

For  exquisite  perfection,  we  are,  in  all  mechanical 
matters,  almost  as  much  indebted  to  accident  as 
to  art : — for  instance,  a Watchmaker  makes  a dozen 
Chronometers,  and  bestows  an  equal  degree  of  atten- 
tion to  the  finishing  of  each  of  them  ; so  much  so, 
that  he  has  reason  to  hope  they  will  all  perform 
equally  well : however,  when  put  to  the  trial,  he 
commonly  finds,  that  of  the  dozen,  perhaps  four,  in 
spite  of  all  his  care  and  pains,  will  turn  out  but  in- 
different Watches;  six  of  them  good;  and  the 
remaining  two  extremely  fine,  fit  “ to  correct  old 
Time,  and  regulate  the  Sun:”  but  why  they  act 
with  such  superior  accuracy,  he  cannot  imagine.— 
In  every  department  of  art  it  is  the  same,  and  the 
Acml  of  perfection,  is  always  accidental,  and  not 
to  be  attained  with  undeviating  certainty  by  any 
rules 
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I have  given  this  particular  account  of  the  per- 
formance of  my  46  inch  treble  object-glass, — be- 
cause— these  Instruments  are  now  extremely  rare  to 
be  met  with,  as  they  are  much  more  difficult  to  make 
than  Double  Object-glasses,  from  having  Three 
lenses,  and  the  difficulty  of  adjusting  them  exactly. 

There  is  a Vulgar  Error,  which  has  pretty  gene- 
rally obtained,  that  Treble  Object-glasses,  transmit 
much  less  light  than  Double  ones. 

If  Theory  be  true.  Treble  object-glasses  must  give 
more  distinct  and  more  Achromatic  vision  than 
Double  ones,  inasmuch  as  the  aberration  arising 
from  the  spherical  figure  of  the  glasses,  can  be  more 
perfectly  corrected,  by  the  refraction  of  the  crown 
glass  (in  which  the  excess  is)  being  divided,  by 
having  two  lenses  of  crown  glass  instead  of  one. 

According  to  Optical  Theory,  Three  object-glasses 
should  give  a more  distinct  and  a smaller  image  of  a 
Star  than  Ttuo — and  of  Double  Stars,  their  appa- 
rent distances  from  each  other  are  increased  in  pro- 
portion as  their  apparent  diameters  are  diminished. 

The  difficulty  of  obtaining  good  Glass  of  3|  inches 
in  diameter,  and  of  making  these  46  inch  Telescopes 
for  a price  which  would  suit  the  general  demand,  in- 
duced the  Makers  to  introduce  the  present  3^  tele- 
scopes, with  a Double  Object-glass  of  2|  in  dia- 
meter, which  answer  many  of  the  general  purposes 
of  common  observers — and  for  the  ntiiiutice  of  Asti  o- 
nomy  they  increased  the  length  of  the  46  inch  to  63 
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inches,  enlarged  its  aperture  two-tenths  of  an  inch— 
and  made  the  Object-glass  Double — and  the  5 leet, 
as  they  are  termed,  are  certainly  considerably  more 
powerful,  though  not  quite  so  convenient  as  the  46 

inch.  (See  the  Chapter  on 

As  soon  as  it  became  the  fashion  not  to  make 
Treble  Object-glasses  of  3|  aperture,  it  was  the 
fashion  to  say,  thaf  a Double  Object-glass  of  Two 
inches  and  three-quarters  aperture,  would  perform 
almost  as  much  as  a Treble  one  of  Three  inches  and 
three-quarters. 

However,  the  fact  is,  a fine  Treble  object-glass  of 
three  inches  and  three-quarters  aperture,  is  almost  as 
much  lighter  than  a Double  one  of  two  and  three- 
quarters, — as  that  is  than  one  of  two  inches. — See 
Table  of  Illuminating  Power,  i.  e.  the  5th  column  in 
the  Table  of  Powers,  &c.,  of  Achromatic  Telescopes, 
at  page  24, 

I had,  a few  years  since  in  my  possession,  a port- 
able telescope  in  a sliding  Tube,  which  Mr.  Rams- 
den  made  for  the  Honourable  Stewart  M'Kenzie,  of 
twenty-seven  inches  focus,  with  a treble  object-glass 
of  two  inches  and  one-quarter  clear  aperture.  I 
found  this  singularly  superior  to  any  double  object- 
glass  of  that  diameter  that  has  come  within  the /bctts 
of  my  observations  : i.  e.  I have  seen  minute  celes- 
tial objects  more  easily  and  distinctly  with  it. 

As  it  may  be  interesting  to  some  to  know  with 
how  small  an  aperture  and  poiver  the  faint  and  close 
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Double  Stars  have  been  discerned,  I have  trans- 
mitted, from  my  Journal,  some  of  the  observations  I 
made  with  this  little  Telescope  for  that  purpose. — 
(See  the  Observations  on  Rigel  in  the  Chapter  on 
Double  Stars.)  Indeed  I never  remember  to  have 
seen  this  difficult  object,  easier  than  with  this  little 
Glass.  (See  Observations  on  Rigel,  in  Index.) 

For  Tests  of  the  Goodness  of  Achromatic  Tele- 
scopes, read  the  Chapters  on  “ Double  Stars,”  on 
“ Saturn,”  and  “ Magnifying  Powers,”  and  on 
“ Choosing  Telescopes.” 


CHAPTER  III. 


SPYING-GLASSES  — PORTABLE  ACHROMATIC  TE- 
LESCOPES FOR  SEA  AND  LAND,  AND  NIGHT- 
GLASSES. 

The  smallest  Telescopical  Instrument  which  I have 
seen,  that  is  actually  useful,  is 

“ THE  INVISIBLE  OPERA-GLASS,*’ 

this  is  a great  acquisition  to  Travellers,  especially  to 
Short-sighted  Persons  and  Artists,  8cc.,  who  wish  to 
discern  the  distinct  outline  of  objects  at  short  inac- 
cessible distances  ; i.  e.  for  an  Architect  to  see  the 
exact  outline  of  a Building  a quarter  of  a mile  off 
or  to  examine  the  pointing,  &c.  of  the  walls  of  upper 
stories,  &c.  , 

When  shut  up  in  its  case,  this  little  glass  is  only 
2 inches  in  length ; — when  in  use,  not  more  than  3 
inches  : — it  has  a single  plano-convex  Object-glass 
^ of  an  inch  in  diameter,  its  Magnifying  power  is 
about  3 times,  and  it  is  sold  for  12s. 

For  Distant  Objects,  extremely  Short-sighted  Per- 
sons require  A Small  Opera-Glass  ; which  having  an 
adjustable  focus,  if  it  only  magnifies  Twice,  will  be 
infinitely  better  than  any  single  Concave,  because  it 
can  be  exactly  adapted  to  various  distances.  (See 
“ Economy  of  the  Eyes,”  p.  103.) 
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The  next  Optical  instrument  of  this  kind  is  the 

SMALLEST  SIZED  PERSPECTIVE. 

This  is  made  with  an  Achromatic  Object-glass  of 
5 of  an  inch  in  diameter,  with  a Single  Eye-glass, 
which  makes  it  magnify  about  five  times  : — a Double 
Ey^-head  is  also  fitted  to  this  Perspective,  which 
gives  it  a lower  and  a higher  power — and  it  may  like- 
wise have  a deep  concave  fitted  to  it,  \vhich  will 
make  it  magmify  enough  to  shew  two  of  the  Moons 
of  Jupiter. 

There  is  a second  and  third  size  Perspective,  but 
the  second  is  very  little  superior  to  the  smallest  — 
and  the  Largest  is  inferior  to  the  portable  One  Foot 
Telescope,  and  not  much  shorter,  though  much 
heavier. 

A good  Achromatic  Opera-glass,  that  magnifies 
four  times,  is  a veiy  pleasant  prospect  Glass. 

For  a particular  Account  of  the  Constmction  and 
Powers  of  opera  glasses  and  spectacles,  see 
the  First  Part  of  “ THE  economy  of  the  eyes,” 
where  the  subject  is  minutely  and  plainly  illustrated 
for  those  who  have  never  made  Optics  their  study. 

PORTADLE  ACHROMATIC  DAY  TELESCOPES  IN 
SLIDING  TUBES. 

The  following  instruments  should  all  be  made  with 

PoLYCBATIC  sliding  Epe-tubes,  tvhich  will  carp  the 

magnifping potver. — See PoLYCltATic  in  the  Index. 

The  smallest  size  is  the  one  Foot. — For  a descrip- 
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lion  of  Aperture,  Power,  and  Price  of  which,  see  the 
Table  of  Achromatics. 

THE  18  INCH 

is  a more  powerful  Instrument,  by  applying  to  it  a 
power  of  40,  you  will  see  the  Satellites  and  Belts  of 
Jupiter  — and  the  Bing  of  Saturn  the  Pancratic 
Eye-tube  may  be  applied  to  this  Telescope,  and  gives 
a range  of  magnifying  power,  for  Day  objects  and 
Astronomy,  from  25  to  100  times  j with  the  latter 
several  Double  Stars  are  visible.  (See  Chapter  on 
Double  Stars.) 

THE  2 FEET 

is  still  more  superior  to  the  18  Inch,  than  that  is  to 
the  One  Foot,  both  for  Terrestrial  and  Celestial  pur- 
poses ; with  this  telescope  the  Celestial  objects  men- 
tioned above  are  easily  visible  ; and  for  ordinary  use, 
distant  Objects  are  almost  as  well  seen  with  it  as  with 
a larger  glass — unless  the  latter  be  upon  a stand,  and 
the  air  be  extremely  clear,  — Such  is  the  impediment 
of  the  Atmosphere  of  this  country,  that,  at  a greater 
distance  than  three  miles,  you  can  hardly  tell  a good 
Telescope  from  a bad  one,  unless  the  air  be  unusually 
transparent.  — This  is  the  largest  telescope  that  can 
be  used  without  a stand  and  an  adjusting  screw  : — 
which  appendages  are  indispensable  in  all  glasses 
that  magnify  more  than  Twenty-five  times.  Mr.  Price 
of  Fetter  Lane,  made  me  an  adjusting  screw  for  a 

c 2 
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sliding  Telescope — with  Teeth  and  Pinion — separate 
from  the  telescope,  and  introduced  between  the  first 
and  second  sliding  Tubes  ; this  must  be  done  very 
. carefully,  so  as  not  to  interfere  with  the  centering  of 
the  Eye-tube  and  the  Object-glass.  (See  Observa- 
tions on  Portable  Stands,  in  the  Chapter  on 
Magnifying  Powers,  and  on  Adjusting 
Screw. s,  m the  Chapter  on  **  How  to  set  or 
ADJUST  telescopes.”)  The  magnifying  power 
usually  put  to  this  Glass  is  stated  in  the  preceding 
. Table  of  Achromatics. 

THE  3 FEET 

is  a still  more  powerful  Glass,  but  its  weight  and 
length  render  it  inconvenient  to  carry,  and  it  cannot 
well  be  used  without  a Stand  and  an  Adjusting  Screw. 
See  the  Account  of  the  2|  feet  Achromatic,  in  the 
Chapter  on  Magnifying  Power.  The  2^  feet,  or  30 
inch,  is  in  fact  the  same  Object-glass  that  is  put  to 
this  3 feet  in  a sliding  Tube. 

THE  4 FEET  : 

The  Observations  on  the  last  Telescopes  apply  with 
double  force  to  this  — it  is  useless  without  a stand 
and  an  Adjusting  Screw.  See  the  account  of  the 
^Ifeet  Achromatic — which  has  the  same  Object-glass 
in  a single  Tube  that  is  put  into  the  4 feet  sliding 
Tubes. 


SEA  TELESCOPES,  &C. 
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TELESCOPES  TO  BE  USED  AT  SEA. 

Nothing  has  contributed  more  to  the  success  oi 
navigation,  the  knowledge  of  distant  parts,  and  the 
ease  and  certainty  of  finding  again  the  Island,  or 
Place  before  discovered,  than  the  Optical  and  Ma- 
thematical Sciences.  The  improvements  made  in 
the  various  instruments  appertaining  to  each,  have 
produced  a great  facility  in  bringing  nearer  to  a state 
of  perfection,  the  pursuits  of  every  adventuier  in 
search  of  Knowledge. 

The  Telescope  is  an  instrument  that  affords  plea- 
sure and  profit,  and  has  often  proved  the  means  of 
safety  either  from  the  dangerous  effects  of  a storm, 
or  an  enemy’s  ship  in  sight.  So  that  now  it  is  be- 
come a matter  indispensable  for  every  Vessel  to  have 
one  or  more  telescopes ; and  every  officer  is  careful 
to  be  in  possession  of  a good  Glass.  Telescopes 
for  the  Sea  service  are  made  of  different  dimen- 
sions, according  to  the  purposes  for  which  they 
are  applied. 

The  Telescope  in  ordinary  use  is  of  Two  feet  focal 
length,  with  a magnifying  power  of  about  24  times, 
and  the  diameter  of  the  Object-glass,  which  is  treble, 
is  inch.  This  is  by  seamen  denominated  a Deck 
Glass,  a Look-out,  or  a Mast-head  glass;  and  is 
scarcely  ever  out  of  the  officer’s  hand  : the  size  and 
shortness  of  it  enabling  a Midshipman  to  secure  it 
under  his  jacket,  and  take  it  aloft  with  safety.  I have 
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been  informed  that  the  appointment  of  the  late  Sir 
Home  Popham  to  go  out  on  a Cruise  and  Station 
for  three  years  in  the  West  Indies,  authorised  him  to 
take  under  his  care  forty  or  fifty  Youths,  to  instruct 
them  in  the  practice  and  manoeuvres  of  nautical 
science,  who  had  previously  received  a suitable  edu- 
cation for  it;  Sir  H.  ordered  that  each  of  them 
should  be  furnished  with  a Hadley’s  Quadrant,  a 
Case  of  Mathematical  drawing  instruments,  and  a 
best-made  Two  feet  Telescope. 

A complete  Case  of  Sea  Telescopes  consists  of 
the  largest  size.  Three  feet,  with  an  Object-glass  of  21 
inches  diameter,  having  a spare  eye-tube,  to  be  occa- 
sionally inserted  in  the  Eye-drawer,  for  Hazy  weather. 
The  Magnifying  powers  are  20  and  28  times,  and  the 
price  seven  guineas  : also,  a Three  feet  Telescope  of 
the  usual  size,  with  an  Object-glass  of  2 inches  dia- 
meter, and  Magnifying  25  times ; price  five  guineas. 
A best  Two  feet  Telescope,  magnifying  24  ; price 
three  guineas.  A Night  or  Day  Telescope,  but  this 
may  be  more  properly  termed  a Hazy-weather-glass  ; 
it  has  a very  wide  field  of  view,  with  a magnifying- 
power  not  more  than  15  times  ; which  is  found  very 
useful  whenever  the  Haze,  or  obscurity,  prevents  the 
use  of  larger  Telescopes ; price  four  guineas. 

A Night-glass,  these  made  with  a single  convex 
lens  of  three  inches,  or  three  inches  and  a half  dia- 
meter, have  been  found  eminently  serviceable ; for 
though  the  Object  is  shewn  inverted,  yet  with  a 
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little  practice  it  may  be  kept  in  view  throughout  the 
night;  the  price  is  three  g-uineas. 

A Telescope  with  sliding  tubes,  of  18  inches  focal 
length,  magnifying  about  24,  in  a fish-skin  case,  shut- 
ting up  to  the  length  of  seven  inches — price  two 
guineas  and  a half. 

A Mahogany  case  to  contain  the  above-mentioned 
Telescopes,  neatly  packed,  with  lock  and  key,  is 
charged  one  pound  eighteen  shillings ; the  whole 
costs  £27.  125.  6d, 

A Telescope  of  4 feet  focal  length,  with  an  Ob- 
ject-glass of  2|  or  3 inches  diameter,  having  three 
difierent  Eye-tubes,  and  magnifying  thirty,  fifty,  and 
eighty  times,  for  the  purpose  of  viewing  eclipses  of 
the  Satellites  of  Jupiter ; can  seldom  be  used  with 
advantage  at  Sea,  as  it  requires  a firm  stand  for  the 
glass,  and  a steady  position  for  the  observer ; both 
of  which  are  prevented  by  the  continual  motion  of 
the  Vessel ; yet  such  are  of  peculiar  service  when  the 
object  is  very  far  distant,  and  the  intervening 
medium  sufilciently  clear. — The  price  is  from  twelve 
to  eighteen  guineas.  These  are  the  principal  Tele- 
scopes used  at  sea,  besides  which  there  are  some 
inferior,  fitted  up  with  Octagon  mahogany  tubes, 
having  only  low  powers.  These  generally  are  put 
into  the  hands  of  young  sailors,  who,  when  they  have 
learned  how  to  use,  and  take  care  of  their  telescopes, 
may  have  another  more  valuable  entrusted  to  them. 


38 


NIGHT-GLASSES. 


THE  NIGHT-GLASS 

derives  its  title  from  being  useful  on  board  a Ship  on 
clear  Nights,  for  the  purpose,  as  the  Sailors  term  it, 
of  sweeping  the  horizon,  and  thereby  discovering  a 
ship  at  sea,  or  object  on  the  shore,  when  a Telescope 
of  a different  construction  would  not  enable  them 
to  do  sp. 

The  Night-glass  most  generally  in  use,  is  con- 
structed with  three  glasses — a single  object-glass, 
and  two  eye-glasses,  and  not  achromatic,  nor  is  it 
essential  that  it  should  be,  as  the  coloured  rays  are 
not  perceptible  with  so  weak  a light,  and  as  there 
is  a less  thickness  of  glass  for  the  rays  of  light 
to  pass  through,  the  object  becomes  more  visible. — 
The  eye-glasses  are  of  large  diameters,  for  the 
purpose  of  giving  a large  field  of  view,  and  the 
magnifying  power  just  of  sufficient  strength  to 
render  the  object  distinguishable. — The  object  is  in- 
verted, but  to  those  sailors  who  have  acquired,  by 
practice,  the  use  of  this  Telescope  so  as  to  enable 
them  to  follow  the  object,  the  arrangement  is  of  no 
importance.  The  Telescopes  are  made  of  different 
dimensions,  the  smallest  being  1 foot  3 inches  in 
length,  and  2 inches  in  diameter. 

The  Second,  or  general  size  is  2 feet  in  length,  and 
3 inches  in  diameter. 

The  Third  size  is  2 feet  6 inches  in  length,  and  4 
inches  in  diameter  : the  largest  size  is  by  most  people 
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considered  the  best,  as  it  has  a much  larger  field  of 
view,  and  a greater  quantity  of  light — their  prices, 
differing  according  to  their  size.  — There  is  also 
another  Night-glass,  called  the  erect  Achromatic, 
which  differs  from  the  other  in  as  much,  that  it 
shews  the  object  in  its  proper  position  and  free  from 
colour,  which  renders  it  useful  in  the  day-time ; the 
field  of  view  and  magnifying  power  being  the  same  as 
the  Second  size  before  described,  this  has  been  much 
approved  by  those  sailors  who  have  not  the  art  of 
using  the  inverting  Night-glasses.  — Night-glasses 
have  also  been  used  by  Astronomers  for  the  purpose  of 
discovering  any  novelties  among  the  different  arrange- 
ments of  the  Celestial  bodies,  and  by  those  whose 
sight  will  not  permit  them  to  distinguish  the  arrange- 
ment of  the  stars  without  optical  assistance.  Night- 
glasses  must  be  adjusted  and  marked  for  dijfereyit 
distances  in  the  Day-time ; it  is  very  difficult,  indeed 
it  is  almost  impossible,  to  get  the  exact  focus,  unless 
on  a bright  Moonlight  night. 


CHAPTER  IV. 


THE  THREE  AND  A HALF  FEET  AND  THE  FIVE 
FEET  ACHROMATIC  TELESCOPES. 

The  smallest  Achromatic  that  can  be  used  for  Astro- 
nomical purposes,  without  overmuch  teasing  of  your 
Eye,  is  the  3 \ feet,  which  are  now  usually  made  with 
Two  object-glasses  of  2^  inches  in  diameter.  With 
this  Telescope  many  of  the  principal  celestial  pheno- 
mena may  be  perceived  : — for  I would  make  a dis- 
tinction between  “ Seeing”  and  “ Perceiving” — I use 
the  former  term  when  an  object  is  Seen  plainly,  and 
the  latter  when  it  is  only  scarcely  Perceivable. 

Some  objects  which  are  easily  and  perfectly  visible 
in  a 5 feet  Achromatic,  with  an  aperture  of  are 
hardly  perceivable  vrith  a 3J  feet,  which  has  an 
aperture  of  only  2-^-^ — the  Illuminating  power  of  the 
former  exceeding  that  of  the  latter  as  144  does  72. 
See  the  fifth  column  of  the  Table  of  Achromatics,  at 
page  24,  and  the  Chapter  on  Illuminating  Poiver:  — 
others,  which  do  not  require  much  Illuminating  power, 
may  be  seen  as  well  with  the  latter  as  with  the  larger 
Telescope. 

THE  THREE  AND  A HALF  FEET. 

The  usual  Day  Eye-tube  of  this  Telescope  gives  it 
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a Magnifying  power  of  about  45  times  with  this 
low  power  the  field  of  view  is  large,  and  the  vision  is 
very  brilliant  — and  from  the  vivid  impression  which 
objects  make  upon  the  Eye,  people  say  that  it  is 
very  clear,  and  those  who  are  unacquainted  with  the 
relative  effects  of  various  magnifiers,  are  m general 
better  pleased  with  such  a low  power  than  with  a 
higher  power  — the  advantage  of  which  is  not  at  first 
so  striking — until  applied  to  the  attentive  examina- 
tion of  some  minute  object,  when  tire  advantage  qf  a 
due  degree  of  Magnifying  Power  becomes  evident — 
and  the  Day  Eye-tube  usually  put  to  a feet 
Achromatic,  which  makes  a 83  feet  magnify  about 
60  times,  will  be  found  far  superior. 

A Pancratic  Eye-tuhe  is  made  for  this  Telescope, 
which  produces  in  a very  perfect  manner  all  the  inter- 
mediate degrees  of  Magnifying  power  between  60 
and  240,  for  either  Terrestrial  or  Celestial  pmposes.— 
See  the  Chapter  on  the  Pancratic  Eye-tube. 

The  Magnifiers  usually  put  to  this  Instrument  for 
Astronomy,  are  80,  130,  and  180.  To  these  I would 
recommend  the  addition  of 

A Comet  Eye-piece,  magnifying  about  15  times, 

A Moon  Eye-piece  of  40, 

A Compound  Eye-tube  of  250,  for  Double  Stars,  8cc. 
and  a Polycratic  Wheel  containing  6 Convex  lenses, 
magnifying  80,  130, 180,  250,  350,  440. — These  par- 
ticular powers  are  recommended  to  give  an  opportunity 
of  comparing  the  Single  lenses  with  the  Eye-tubes 
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which  contain  2 glasses.  Those  who  are  anxious  to 
see  the  effect  of  higher  Magnifiers,  may  have  another 
Circle,  magnifying  5,  6,  7,  8,  900,  and  1000  times  — 
but  there  is  No  Object  that  will  be  seen  so  well  with 
them  as  with  the  power  of  250  or  at  most  350. 

Obs.  If  you  wish  to  have  an  Object-glass  that 
will  bear  a high  power — ask  no  questions  about  the 
Price  of  any  Instrument  which  you  are  at  all  anxious 
about  the  quality  of,  — consider  yourself  fortunate 
if  you  obtain  it.  This  Advice  applies  still  stronger 
to  the  5 feet  Telescope. 

I would  hope  that  the  preceding  observation  is 
quite  superfluous,  had  I not,  in  the  course  of  my  re- 
sidence of  nearly  half  a century  on  this  Planet,  seen 
so  many  instances  of  People  being  so  extravagantly 
fond  of  Bargains — and  did  I not  still  remember  the 
anecdote  of  the  “ Humorous  Hosier,”  — who  caught 
crowds  of  Customers,  by  placing  in  his  window  the 
following  placard — 

“ The  Cheapest  and  Best  Stockings  sold  here.” 

This  brought  flocks  of  Bargain-hunters  to  his 
Counter — “ Let  us  see  some  of  your  Cheapest  and 
Best  Stockings?” 

Hos.  “ There  is  a pair  of  each,  these,  are  a 
Shilling  — those  are  a Guinea  a pair.” 

The  Writer  respectfully  assures  the  Reader,  that 
the  Quality  of  Telescopes  varies  in  quite  as  many 
degrees  as  that  of  Stockings. 

Read  the  Chapter  on  Magnifying  powers  and  Eye- 
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pieces.'  For  Tests  of  the  goodness  of  Achromatic 
Telescopes — see  Obs.  in  the  Chapter  on  “ Magnify- 
ing Poioer/'  and  on  “ Choosing  Telescopes”  — on 
Saturn”  — and  Mr.  Wm.  Walker’s  Letter  in 
the  Chapter  on  " Double  Stars,” 

In  the  Table  at  the  End  of  the  Chapter  on  Illumi- 
nating Power,  the  Reader  will  find  that  a Reflector 
to  be  as  light  as  the  3|  Achromatic  above  described, 
must  have  an  Aperture  of  inches  in  diameter. 

MR.  DOLLONd’s  description  OF  THE  FIVE  FEET 
AND  THE  THREE  AND  A HALF  FEET  ACHROMA- 
TIC REFRACTING  TELESCOPE,  MADE  BY  HIM, 

“ The  Telescope  is  supported  in  the  centre  of  gravity, 
with  its  rack-work  motions,  and  mounted  on  its  ma- 
hogany stand,  the  three  legs  of  which  are  made  to 
close  up  together  by  means  of  a brass  frame,  which 
is  composed  of  three  bars,  connected  together  in  the 
centre  by  three  joints,  and  also  to  the  three  legs  of 
the  mahogany  stand  by  three  other  joints,  so  that  the 
three  bars  of  this  frame  lie  close  against  the  insides 
of  the  legs  of  the  mahogany  stand  when  they  are 
pressed  together,  for  convenience  of  carriage. 

“ The  brass  pin,  under  the  rack-work,  is  made  to 
move  round  in  the  brass  socket,  and  may  be  tight- 
ened by  means  of  a finger-screw,  when  the  Tele- 
scope is  directed  nearly  to  the  object  intended  to  be 
observed.  This  socket  turns  on  two  centres,  by 
which  means  it  may  be  set  perpendicular  to  the 
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horizon,  or  to  any  angle  required  in  respect  to  the 
horizon ; the  angle  may  be  ascertained  by  the  divided 
arch,  and  then  made  fast  by  the  screw.  If  this, 
socket  be  set  to  the  latitude,  of  the  place  at  which 
the  Telescope  is  used,  and  the  plane  of  this  arch  be 
turned  on  the  top  of  the  mahogany  stand,  so  as  to  be 
in  the  plane  of  the  meridian,  the  socket  being  fixed 
to  the  inclination  of  the  pole  of  the  earth,  the  Tele- 
scope, when  turned  in  this  socket,  wiU  have  an  equa- 
torial motion,  which  is  always  very  convenient  in 
making  astronomical  observations. 

” It  has  also  a stand  to  be  used  on  a table,  which 
may  be  more  convenient  for  many  situations  than  the 
large  mahogany  stand.  The  Telescope,  with  its 
rack-work,  may  be  applied  to  either  of  the  two 
stands,  as  occasion  may  require,  the  sockets  on  the 
top  of  both  being  made  exactly  of  the  same  size. 
The  sliding  rods  may  be  applied  to  the  feet  of  the 
brass  stand,  so  that  the  Telescope  may  be  used  with 
the  same  advantages  on  one  as  on  the  other. 

“ The  tube  may  be  made  either  of  brass  or  maho- 
gany, is  three  and  a half  feet  long.  The  achromatic 
object-glass  of  three  and  a half  feet  focal  distance 
has  an  aperture  of  two  inches  and  three-quarters. 

“ The  larger  size  is  with  a tube  five  feet  long,  and 
has  an  achromatic  object-glass  of  three  inches  and 
three-quarters  aperture. 

“ The  Day  eye-tube  contains  four  eye-glasses,  to 
be  used  for  day,  or  any  land  objects. 
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“ There  are  three  eye-tubes,  which  have  two 
glasses  in  each,  to  be  used  for  astronomical  purposes. 
These  eye-tubes  all  screw  into  the  short  brass  tube 
at  the  Eye-end  of  the  Telescope.  By  turning  the 
button  or  milled  head,  this  tube  is  moved  out  of  the 
larger,  so  as  to  adjust  the  eye-glasses  to  the  proper 
distance  from  the  object-glass,  to  render  the  object 
distinct  to  any  sight  with  any  of  the  different  eye- 
tubes. 

“ The  magnifying  power  of  the  Three  and  Half 
Feet  Telescope  with  the  eye-tube  for  land  objects  is 
45  times,  and  of  the  Five  Feet,  for  land  objects,  65 
times  : with  those  for  astronomical  purposes,  with 
the  Three  and  Half  Feet,  the  magnifying  powers  are 
80,  130,  and  180  ; and  for  the  Five  Feet,  110,  190, 
and  250  times. 

“ Stained  glasses,  are  applied  to  all  the  different 
eye-tubes,  to  guard  the  eye  in  observing  the  spots 
on  the  Sun.  These  glasses  are  to  be  taken  off  when 
the  eye-tubes  are  used  for  other  purposes. 

‘‘  The  rack-work  is  intended  to  move  the  Telescope 
in  any  direction  required,  aird  is  worked  by  means  of 
the  two  handles.  When  the  direction  of  the  tube  is 
required  to  be  considerably  altered,  the  worm  screws, 
which  act  against  the  arch  and  the  circle,  must  be  dis- 
charged ; then  the  screw,  being  loosened,  the  pin 
of  the  rack-work  will  move  easily  round  in  the 
socket. 

“ For  the  more  readily  finding  or  directing  the  Tele- 
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scope  to  any  object,  particularly  astronomical  objects, 
there  is  a small  tube  or  telescope,  called  the  Finder, 
fixed  near  the  eye-end  of  the  large  Telescope.  At 
the  focus  of  the  object-glass  of  this  finder  there  are 
two  wires,  which  intersect  each  other  in  the  axis  of 
the  tube,  and  as  the  magnifying  power  is  only  about 
six  times,  the  real  field  of  view  is  very  large  ; there- 
fore any  object  will  be  readily  found  within  it,  which 
being  brought  to  the  intersection  of  the  wires,  it  will 
then  be  within  the  field  of  the  Telescope. 

“ In  viewing  astronomical  objects  (and  particularly 
when  the  greatest  magnifying  powers  are  applied),  it 
is  very  necessary  to  render  the  Telescope  as  steady  as 
possible ; for  that  purpose  there  are  two  sets  of  brass 
sliding  rods.  These  rods  connect  the  eye-end  of  the 
Telescope  with  two  of  the  legs  of  the  stand,  by 
which  any  vibrations  of  the  tube,  that  might  be 
occasioned  by  the  motion  of  the  air  or  otherwise, 
will  be  prevented,  and  the  Telescope  rendered  suffi- 
ciently steady  for  using  the  greatest  powers.  These 
sliding  rods  move  within  one  another  with  so  much 
ease  as  to  admit  of  the  rack-work  being  used  in  the 
same  manner  as  if  they  were  not  applied.” 

N.B.  The  above  is  a description  of  the  Stand 
usually  put  to  these  Telescopes;  there  is  a superior 
Equatorial  Stand  invented  by  the  present  Mr.  Dol- 
lond,  which  is  a very  beautiful  and  steady  piece  of 
workmanship. — W.  K. 
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MAGNIFYING  POWERS  OF  MY  FIVE  FEET  ACHRO- 
MATIC TELESCOPE,  THE  DOUBLE  OBJECT-GLASS 
DIA.METER,  AND  63  INCHES  FOCUS,  MADE 
BY  THE  LATE  MR.  PETER  DOLLOND. 

Longest  Day  Eye-tube  ....  60 

Shortest,  the  Day  Eye-tube  usually 

put  to  a feet  Achromatic  90 
Pancratic  from  130  to  500 


MAGNIFIERS  FOR  ASTRONOMY. 


The  Time  a Star  Is  pass- 

Compound 

1st  Eye- 

2d  Eye- 

ing  through  the  Field 
of  View 

E.  P.  two 
glasses. 

glass  used 
alone. 

glass  used 
alone. 

Uses. 

Minutes.  Seconds. 

44 

58 

28 

Sun,  Moon,  Ne- 
bula. 

2 33 

60 

84 

38 

Ditto. 

1 45 

100* 

150 

54 

Planets. 

1 30 

130 

190 

76 

Ditto. 

160 

210 

88 

Do.  when  near 

the  meridian. 

190* 

270 

82 

Do.  when  close 
to  ditto. 

57 

250* 

380 

150 

Double  Stars. 

350 

Ditto. 

There  is  no') 

stop  in  this  J-37 
Eye-piece.  ) 

Cavallo’s  Micro- 

450 

45 

630 

270 

Ditto. 

meter 

1st  Single  Lens 
2cl, 

3d, 

4 th, 

5th,  -jJjj  of  an  inch 

50 

100 

160 

210 

630 

focus. 

6th,  ^ ditto. 

1386 

48  ACHROMATIC  TELESCOPES,  &C. 

The  Compound  Eye-tubes  in  the  first  column  to 
which  a Star  is  attached,  are  those  usually  given 
with  a 5 feet  Achromatic. 

JBy  taking  away  the  Glass  and  using  the 
1st  only,  you  will  have  the  powers  given  in  the  2d 
Column,  or  nearly  so  — for  the  proportions  of  the 
Glasses  in  these  compound  Eye-tubes  are  not  always 
exactly  alike. 

By  taking  out  the  first  Eye-glass,  and  using  the 
second  alone,  you  will  obtain  the  powers  put  down 
in  the  3d  Column. 

The  time  a Star  is  passing  the  field,  in  these  Eye- 
pieces, which  is  given  in  the  1st  Column,  may  not 
exactly  accord  with  the  Eye-pieces,  of  other  Tele- 
scopes, as  it  depends  partly  on  the  Stop  in  the  Eye- 
tube  — with  my  Eye-tube,  which  magnifies  250,  it 
passed  in  28  Seconds  — but  with  450,  withoxit  any 
Stop,  it  was  37  Seconds’, 

The  Instrument  which  I have  just  described  is  as 
perfect  a 5 feet  Achromatic  Telescope  as  I have  seen, 
and  is  one  of  the  chef -d’ oeuvres  of  the  late  Mr.  Petek 
Dolloni) — who  thus  speaks  of  it,  to  (the  Gentle- 
man he  sold  it  to)  Mr.  G.  Hodgson,  F.R.S. 
(of  whom  I purchased  it),  in  his  Letter,  which  is 
now  before  me,  dated  Nov.  11,  1803  “ It  has  been 

made  10  years,  and  I can  say  that  it  is  one  of  the 
best  I ever  made,  and  such  as  I cannot  expect  to  be 
able  to  equal.” 

This  is,  I believe,  as  perfect  an  Instrument  as  Art 
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can  produce — and  therefore,  what  I have  stated  of 
its  powers,  are  quite  the  maximum  of  what  an  Achro- 
matic Telescope  of  such  an  Aperture  and  such  a 
length  can  perform  with  the  most  favourable  circum- 
stances.— The  highest  power  I have  applied  to 
Saturn  in  the  finest  nights  (with  advantage)  is  190. 

In  the  Table  of  the  proportions  of  Huygens’s  Re- 
fractors, which  I have  copied  from  Dr.  Smith’s  Optics, 
in  p.  23  of  the  Introductory  Chapter  on  Achromatic 
Telescopes,  the  Reader  will  see  that  of  the  single 
Object-glass  which  had  an  aperture  of  3^  inches, 
and  which  had  a focal  length  of  50  feet,  the  highest 
Magnifying  power  was  141.  — This  calculation  was 
made  for  an  Huygenian  Eye-tube,  composed  of  two 
plano-convex  Lenses  and  for  observing  Planets. 

The  highest  power  which  I have  usually  or  use- 
fully applied  to  Double  Stars  is  400. — {See  Chap- 
ter on  Double  Stars.) 

Were  I to  order  a Five  Feet  Achromatic,  I would 
have  the  Aperture  which  receives  the  Eye-tubes 
large  enough  to  admit  such  an  Eye-tube  as  is  usually 
put  to  an  Inverted  Night-glass— but  not  to  magnify 
with  the  5 feet  above  15  times,  which  would  be  the 
best  that  could  be  applied  for  Comets — Nebula — the 
Milky  Way,  &c.  I would  have  another  such  power 
of  30, — and  the  Eye-pieces  mentioned  in  the  pre- 
ceding Table,  only  the  single  Lenses  should  be  in  a 
Polycratic  circle  similar  to  that  which  I have  de- 
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scribed  in  the  Account  of  the  Three  and  a Half  feet 
Achromatic. 

The  following  is  Si?'  George  Shuckburgh’s  account 
of  the  5 feet  Achromatic  Telescope  made  by  Mr.  J. 
Ramsden,  for  his  Equatorial,  which  is  now  in  the 
Royal  Observatory  at  Greenwich. 

“ The  Object-glass  is  a well  - corrected  double 
Achromatic,  whose  joint  focus  is  65  inches  with  an 
aperture  of  4‘2  inches,  has  two  sets  of  eye-glasses, 
one  single,  the  other  double — of  the  latter  six  from 
60  to  360  times ; of  the  former  five  from  150  to  550 — 
and  a prism  eye-tube  of  100 — the  lowest  of  the  com- 
pound eye-tubes,  a power  about  60,  is  generally  used 
for  transits  and  polar  distances ; for  telescopical  ob- 
servations of  the  planets,  400  seems  near  the  maxi- 
mum that  this  glass  will  bear : with  500  the  image 
is  not  so  well  defined  ; with  200  and  300  it  is  beauti- 
fully distinct  and  bright.” — Phil.  Trans,  vol.  Ixxxiii. 
,pp.  103  and  104. 

I think  that  there  must  be  some  miscalculation  of 
the  Magnifiers  mentioned  in  the  preceding  account — 
as  I have  before  said,  my  5 feet  Telescope  is  as  per- 
fect an  Instrument  as  art  can  produce,  and  with  it 
190  is  quite  as  high  a power  as  is  agreeable  to  my 
Eye  when  it  is  pointed  at  a Planet ; Sir  G.  Shuck- 
burgh’s  Object-glass  is  of  an  inch  larger  than 
mine,  but  that  increase  of  its  aperture  will  go  but  a 
little  way  towards  making  up  the  difference  between 
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the  magnifying  powers  of  190  and  300,  with  which 
latter,  he  says,  his  Telescope  is  “ beautifully  distinct 
and  bright and  mentions  400  as  near  the  maximum 
for  observing  Planets  — I have  never  seen  any  Tele- 
scope which  could  bear  more  than  250  for  Planets — 
the  Atmosphere  prevents  it. 

A Reflector  to  be  as  light  as  the  above-mentioned 
5 feet  Achromatic  must  have  an  aperture  of  at  least 
5h  inches. — See  the  Obs.  following  the  Table  at  the 
end  of  the  Chapter  on  Illuminating  Power. 


CHAPTER  V. 


GALILEAN  TELESCOPES,  AND  OF  CONCAVE  AND 
CONVEX  SINGLE  EYE-GLASSES. 

The  original  Telescope,  of  which  the  optical 

instrument  which  we  now  call  an  Opera-glass  is  a 
miniature,  was  composed  of  a Plano-Convex  Ohject- 
glass — and  a single  Double  Concave  Ej/e-glass — 
and  has  been  said  to  transmit  much  more  light  than 
an  Huygenian  Telescope  of  the  same  aperture,  which 
has  one  or  two  convex  Eye-glasses.  — If  it  be  much 
lighter — which  it  does  not  appear  to  be  to  my  Eye, 
it  may  be  partly  accounted  for  from  another  cause 
than  that  usually  assigned  : the  Concave  Eye-glass 
is  generally  made  of  White  Flint,  and  it  is  the 
thinnest  part  of  it  which  is  employed  : a Convex  is 
usually  formed  from  Green  or  Crown  Glass,  and  the 
thickest  part  is  in  use. 

However,  in  the  name  of  Common  Sense,  if  there 
is  any  Truth  in  the  asserted  surprising  superiority  of 
Co/icaue  Eye-glasses,  how  has  it  come  to  pass  that  they 
are  never  used  ? If  they  are  really  so  superior  to 
Convexes,  surely,  instead  of  Nobody,  would  not 
Everybody  use  them  ? 

I shall  now  open  my  Case  of  Concaves,  by  recitlng 
all  the  Pleadings  I have  found  in  their  favour— and 
then  state  my  own  Experience  thereon. 
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FORMS  OF  VARIOUS  LENSES. 

“ A Lens  is  any  transparent  Substance  of  a regu- 
lar Form  through  which  Light  may  be  transmitted, 
or  refracted  ; those  in  common  Use  are  of  Glass, 
ground  and  polished  to  a proper  Figure,  of  which 
there  are  six  different  Sorts;  as  (1.)  a Plain  Lens, 
both  whose  surfaces  are  parallel  to  each  other. 
(2.)  A Plano-Convex,  consisting  of  one  Plain  and 
the  other  a Convex,  or  Spherical  Surface.  (3.)  A 
Double  Convex,  both  whose  surfaces  are  of  a Convex, 
or  spherically  round  Form.  (4.)  A Plano-Concave, 
with  one  side  Plain,  the  other  a spherically  hollow  or 
Concave  Surface.  (5.)  A Double  Concave,  both 
whose  surfaces  are  spherically  Concave.  (6.)  A 
Mitiiscus  or  Periscopic,  which  has  one  surface  Con- 
vex, the  other  Concave.^' 
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CONCAVES. 

“ As  they  are  very  thin  in  the  middle,  the  rays  are 
less  liable  to  be  disturbed  by  the  irregularities  in  the 
substance  of  the  Glass  in  passing  through  it ; and 
also  since  here  we  view  not  the  image  of  Objects — 
but  the  objects  themselves,  by  rays  coming  directly 
from  them,  without  crossing  or  interfering  with  each 
other;  it  follows  that  on  both  these  accounts,  we 
have  a clear  and  most  distinct  view  of  an  object  by 
this  Telescope.  And  hence  it  is,  that  we  can  some- 
times see  Jupiter’s  Satellites  very  plain  in  a Telescope 
of  this  sort  not  above  20  or  24  inches  long,  when  one 
of  4 or  5 feet  of  the  common  sort,  with  convex  Eye- 
glasses, will  scarcely  render  them  visible.” — B.  Mar- 
tin’s New  Elements  of  Optics,  8vo.  1759,  p.  18. 

Mr.  Ben  Martin’s  Theory  is  excellent,  but  it  is 
not  true,  — the  most  probable  reason  why  He  could 
not  see  as  well  in  the  Astronomical  Telescope  as 
in  the  Galilean,  was,  that  the  former  must  have  been 
an  extremely  badly  constructed  Telescope;  and  the 
following  quotation,  from  page  86  of  Mr  .M.’s  book 
applies  aptly  enough  in  this  place  : “ I believe  there 
are  but  few  people  who  will  pretend  to  make  a Tele- 
scope in  Fact,  as  perfect  as  it  is  in  Theory. 
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SIR  WM.  HERSCHEl’s  REMARKS  ON  CONCAVES. 

In  page  28  of  the  Ixxxivth  vol.  of  the  Phil.  Trans,  in 
Dr.  Herschel’s  Observations  on  Saturn — the  Reader 
will  find  the  following  remarks  on  Concaves. 

“ I tried  several  Double  and  Plano-Cowcaue  Eye- 
o'lasses,  but  found  them  all  defective  in  figure  except 
one,  and  that  being  of  One  inch  focal  length,  the 
power  was  too  low  to  expect  seeing  the  belts  of 
Saturn  with  it.  The  smallness  of  the  field  of  vieio  in 
Concaves,  when  applied  to  Astronomical  objects,  is 
not  so  disagreeable  as  it  is  generally  supposed  to  be  5 
for  the  Eye  may  have  a motion  before  the  Lens,  and 
by  that  means  a small  luminous  object,  when  all  the 
rest  of  the  field  is  dark,  and  while  the  Telescope 
remains  in  the  same  situation,  may  be  seen  for  as 
long  a time,  passing  through  the  field  of  a Concave 
Eye-glass,  as  it  can  in  a Convex  one ; whereas  with 
the  latter,  it  is  well  known  that  such  a motion  of  the 
Eye  can  be  of  no  use.” 

In  page  58  of  the  same  paper.  Dr.  H.  observes, — ^ 
“ I tried  5 new  Concave  Eye-glasses,  but  they  all 
proved  defective  in  figure  ; with  one  of  them,  power 
360,  I saw  the  quintuple  belt  pretty  well.  With 
regard  to  the  field  of  view  they  are  full  as  convenient 
as  Convex  glasses. 

“ With  regard  to  the  Eye-glasses,  when  merely 
the  object  of  saving  light  is  considered,  I can  say 
from  experience,  that  Concaves  have  greatly  the  ad- 
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vantage  of  Convexes,  and  that  they  give  also  a much 
more  distinct  image  than  Convex  glasses. 

“ This  fact  I established  by  repeated  experiments 
about  the  year  1776,  with  a set  of  Concave  Eye- 
glasses I had  prepared  for  the  purpose,  and  which  are 
still  in  my  possession. 

“ The  glasses,  both  double  and  piano-concaves, 
were  alternately  tried  with  convex  lenses  of  an  equal 
focus,  and  the  result,  for  brightness  and  distinctness, 
was  decidedly  in  favour  of  the  concaves. 

“ For  the  cause  of  the  superior  brightness  and 
sharpness  of  the  image  which  is  given  by  these 
glasses,  we  must  probably  look  to  the  circumstance 
of  their  not  permitting  the  reflected  rays  to  come  to 
a focus. 

“ Perhaps  a certain  mechanical  effect,  consider- 
ably injurious  to  clearness  and  distinctness,  takes 
place  at  the  focal  crossing  of  the  rays,  in  Convex 
lenses,  p.  296. 

“ I have  occasionally  availed  myself  of  the  light 
of  Concave  Eye-glasses,  but  a great  objection  against 
their  constant  use  is,  that  none  of  the  customary 
Micrometers  cair  be  applied  to  them,  since  they  do 
not  permit  the  rays  to  form  a focal  image.  Their 
very  small  field  of  View  is  also  a considerable  imper- 
fection ; in  observations,  however,  that  do  not  re- 
quire a very  extensive  field,  such  as  double  stars,  or 
the  satellites  of  Saturn,  and  the  Georgian  planet, 
this  inconvenience  is  not  so  material. 
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The  magnifying  power  by  which  the  satellites  of 
the  Georgian  planet  were  discovered  was  only  157*. 

Dr.  Herschel,  in  p.  298  ofvol.cv.  of  the  Phil.  Trans, 

THE  author’s  observations  ON  CONCAVE  AND 
CONVEX  EYE-GLASSES. 

Experiments  with  my  own  Eye  have  informed  me 
that  when  the  Moon^'oJ"  Jupiter  can  be  seen  with  a 
Single  Concave — they  may  be  as  easily  seen,  not  only 

* “ About  the  same  time  that  the  experiments  on  Concave  Eye- 
glasses were  made,  I tried  also  to  investigate  the  cause  of  the  in- 
feriority of  the  Convex  ones ; and  it  occurred  to  me,  that  an  expe- 
riment might  be  made  to  ascertain  whether  the  rays  of  light  in 
crossing,  jostled  against  each  other,  or  were  turned  aside  from 
tlieir  right-lined  course  by  inflections  or  deflections. 

“"With  a view  to  this,  I directed  a 1 0 feet  telescope  to  some  finely 
engraved  letters,  put  up  at  a convenient  distance.  A Convex  eye- 
glass was  fixed  to  a skeleton  apparatus,  which  left  the  focal  point 
freely  exposed.  A Concave  mirror  was  placed  so  as  to  throw  the 
focus  of  the  sun’s  rays  upon  the  focal  image  of  the  telescope, 
where,  meeting  with  no  intercepting  body,  they  would  freely  pass 
through  it  at  right  angles.  Then  a screen  being  placed  to  keep  oft' 
the  solar  rays,  I fixed  my  attention  upon  the  letters  viewed  in  tlie 
telescope,  and  the  screen  being  alternately  withdrawn  and  re- 
placed, I could  perceive  no  sensible  alteration  in  the  brightness  or 
distinctness  of  the  letters ; hence  I surmised,  that  the  rays  of  light 
did  not  sensibly  jostle  in  an  instantaneous  right-angled  passage, 
but  that  possibly  they  might  suffer  inflections  or  deflections  in  tlieir 
crossing  at  the  focal  point,  on  account  of  their  being  longer  in  col- 
lateral proximity.” — Dr.  Herscuel,  in  Phil.  Trans,  vol.  cv.  note 
at  foot  of  page  297. 
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with  a single  Convex  of  the  same  focus,  but  with  the 
usual  compound  Astronomical  Eye-piece  (of  like 
magnifying  power)  as  usually  made  on  Mr.  Huygens’s 
plan,  with  two  Flano-Convexes  ; moreover,  so  little 
light  and  so  little  magnifying  power  is  required,  that 
you  may  see  them  in  the  common  one  foot  Achro- 
matic Spying-glasses  of  about  one  inch  aperture, 
with  the  usual  Erect  Eye-piece,  containing  Four 
Convex  Lenses. 

I have  often  seen  the  Satellites  in  an  Achromatic 
Finder  of  f of  an  inch  aperture,  and  an  eye-piece 
composed  of  two  convex  lenses  with  their  plane  sides 
outwards,  which  magnified  about  10  times,  — indeed, 
I have  seen  two  of  the  Satellites  with  one  of  the 
smallest-sized  Perspectives. 

The  Belts  require  much  more  Magnifying  and 
Illuminating  Power  than  the  Satellites  of  Jupiter. 

The  Belts  of  Jupiter  are  scarcely  discernible  in  a 
one  foot  Achromatic — but  may  be  seen  with  an  18 
inch  of  1^^^  aperture  and  power  of  40 — and  are  easily 
visible  in  a two  feet  with  an  aperture  of  1^®^,  with 
power  of  30  to  60. 

However,  Mr.  Martin’s  assertion  has  been  quoted 
repeatedly,  and  has  passed  current  ever  since  he 
printed  it — this  is,  I believe,  the  very  first  time  that 
it  has  been  contradicted: — if  any  of  my  Readers 
wish  to  make  an  experiment,  to  ascertain  the  compara- 
tive illuminating  Power  of  a single  Concave,  a single 
Convex,  and  the  usual  Astronomical  Eye-tube,  they 
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may,  for  a few  shillings,  be  furnished  with  a Concave 
and  a Convex  Eye-glass  of  exactly  the  same  magnifying 
power  as  that  of  their  Astronomical  Eye-piece,  and 
see  for  themselves.  The  small  Star  which  accom- 
panies the  Pole  Star  is  one  of  the  best  Objects  for 
ascertaining  the  relative  power  of  Glasses  for  shew- 
ing faint  points  of  Light — and  is  most  convenient  — 
as  the  Telescope  requires  scarcely  any  motion  to 
keep  the  Object  in  the  centre  of  the  field  of  view, 
even  when  the  very  highest  magnifier  is  applied. 
The  Belts  and  Division  in  Saturn’s  Ring  are  also 
excellent  criterions  of  light  and  distinctness. 

I have  too  much  respect  for  Science  and  for  my- 
self, to  assert  any  thing  which  I do  not  believe  from 
experiments  made  by  my  own  eye,  to  be  the  very 
Truth  : — or  to  give  my  “ imprimatur”  to  any  thing 
that  others  have  asserted,  without  a complete  con- 
viction of  their  having  given  a perfectly  correct 
report. 

“Too  much  has  hitherto  been  taken  for  granted 
in  Optics : every  natural  philosopher  is  ready  enough 
to  allow  the  necessity  of  making  experiments,  and 
tracing  out  the  steps  of  nature  ; why  this  method 
should  not  be  more  pursued  in  the  Art  of  Seeing  does 
not  appear.  Theories  are  only  to  be  used  when 
proper  data  are  assigned ; but  the  data  are  to  be 
carefully  re-examined,  when  new  improvements  may 
widely  alter  the  result  of  former  experiments.” — Sir 
W.  Herschel,  fit  P/;//.  1782.  i. 
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In  a Concave  Eye-glass,  only  that  part  of  the  field 
is  distinct,  which  is  visible  through  the  centre  of  the 
^yS'g^^ss — if  an  object  is  viewed  by  looking  through 
the  sides  of  the  Concave,  it  may  certainly  be  seen 
after  it  has  passed  out  of  the  field  seen  by  looking 
through  the  centre  of  it — but  it  will  be  seen  distorted. 

That,  can  only  be  considered  the  actual  and  useful 
field  of  view,  the  Margin  of  which,  is  as  perfectly 
distinct  as  the  Middle  of  the  field,  when  the  Tele- 
scope is  adjusted  at  an  object  seen  in  the  middle  of 
the  field. 

The  Distinct  field  in  a Concave  and  Convex  of  the 
same  focal  length  and  the  same  diameter — appears 
to  my  Eye  to  be  the  same,  and  the  Indistinct  Mar- 
gin the  same  — only  the  Convex  has  this  convenient 
superiority,  that  you  see  the  whole  of  the  field  at 
once  without  any  motion  of  the  Eye  — you  can  see 
only  a portion  of  it  in  the  Concave. 

To  ascertain  the  relative  properties  of  Coiicaves 
and  Convexes,  I requested  Mr.  Dollond  to  make 
me  a Concave  and  a Convex,  each  of  exactly  l-3d 
of  an  inch  focus,  and  from  the  same  plate  of  Glass — 
that  I might  apply  the  test  of  comparison  in  the 
fairest  manner  possible. 

In  the  Year  1824,  with  these  Single  Lenses,  and 
with  an  excellent  Huygenian  Eye-piece  with  two 
plano-Convex  Lenses  producing  the  same  Power,  I 
frequently  observed  Saturn  — the  result  is,  that  I 
think  that  the  Belts,  and  the  Division  in  the  Ring, 
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are  rather  sharpest  and  most  vivid  with  the  Concave — 
but  that  my  Eye  cannot  look  through  it  but  a very 
little  while  without  feeling  strained  and  tired. 

The  single  Convex  is  scarcely  inferior  to  the  Con- 
cave in  brightness  and  distinctness,  and  is  not  near 
so  fatiguing  to  the  Eye. 

With  the  IIuyge7iian  Eye-piece,  composed  of 
two  plano-Convex  lenses,  I think  that  the  features 
of  the  Planet  are  not  quite  so  sharp  and  bright  as 
with  the  single  lenses — but  the  vision  is  infinitely 
easier  to  the  Eye  — and  those  Persons  who  have 
looked  through  the  several  Eye-tubes,  who  were  not 
so  well  aware  of  the  necessity  of  keeping  the  object 
exactly  in  the  centre  of  the  field,  when  the  Single 
Lenses  are  used,  and  from  not  being  in  the  habit  of 
using  a Telescope,  were  not  expert  enough  to  keep 
it  there — one  and  all  greatly  preferred  the  compound 
Eye-piece  — with  which,  all  the  appearances  seen 
with  the  Single  Lenses  were  also  visible — but  not 
quite  so  bright. 

A Single  Eye-glass  especially  to  a Telescope  of 
less  than  7 feet  focus,  is  attended  with  exactly  the 
same  evils  as  a Single  Object-glass  to  an  Opera- 
glass — and  the  following  Obs.  on  the  latter  Instru- 
ment, will  aptly  illustrate  the  former. 

“ The  Chromatic  and  spherical  aberrations  which 
produce  those  prismatic  colours,  and  distortion  of 
the  vision  in  the  Margin  of  the  field  of  view, — 
which  so  exceedingly  distress  the  Eye,  and  are  the 
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main  Evil  of  Single  Object-glasses,  are  in  a great 
measure  corrected  in  Doicble  Object-giasses,  with 
which  the  Image  of  Objects  appears  more  Distinct, 
in  proportion  as  the  order  in  which  the  Rays  proceed 
is  better  preserved. 

“ The  Grand  superiority  of  the  Double  or  as  it  is 
commonly  called  the  Achromatic  Object-glass,  con- 
sists in  the  field  of  view  being  almost  quite  as  dis- 
tinct at  the  margin,  as  it  is  in  the  middle,  and  thus. 
Vision  is  made  easy  to  the  Eye,  with  a considerable 
Magnifying  power. 

“ The  Eye,  is  sadly  distressed  and  puzzled,  how%  to 
adjust  itself  with  a Single  Object-glass,  when  it 
magnifies  more  than  three  times — (especially  if  its 
focus  is  less  than  5|  inches  and  its  diameter  more 
than  IJ),  which  then  becomes  indistinct,  except  just 
in  the  very  centre  of  the  Field.  I think  that  in  the 
very  Centre  of  the  field  of  a Single  Object-glass,  the 
vision  is  quite  as  vivid,  if  not  more  so  than  it  is 
in  a Double  Object-glass— -but  as  only  just  the  very 
luiddle  of  the  field  is  distinct,  looking  through  it 
soon  becomes  much  more  fatiguing  to  the  Eye,  than 
with  a Double  Object-glass.” — See  page  93  of  the 
Economy  of  the  Eyes,  Part  I. 

Dr.  Herschel,  in  one  of  his  observations, 
speaks  of  the  decided  superiority  of  the  single  eye- 
glass, when  applied  to  his  Newtonian.  “ 1 have 
tried  both  the  single  and  double  eye-glass  of  equal 
powers,  and  have  always  found  that  the  single  eye- 
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glass  had  much  the  superiority  in  point  of  light  and 
distinctness.  With  the  double  eye-glass — and  my 
7 feet  Newtonian,  which  has  an  aperture  of 
inches,  I could  not  see  the  belts  of  Saturn,  which  I 
very  plainly  saw  with  the  single  one  : I would,  how- 
ever, except  all  those  cases,  where  a large  field  is 
absolutely  necessary,  and  where  power,  joined  to  dis- 
tinctness, is  not  the  sole  object  of  view.”  — Phil. 
Trans,  vol.  Ixxii.  p.  95.  — See  Dr.  H.’s  Paper  on  the 
Parallel  of  the  Fixed  Stars — in  the  Chapter  on 
Double  Stars. 

This  account  of  Dr.  H.  respecting  the  extreme  dif- 
ference of  the  distinctness  and  light  of  Double  and 
Single  Eye-pieces,  must  have  arisen  partly,  from  the 
Double  Eye-pieces  which  he  used  having  been  badly 
constructed,  or  the  Glasses  in  them  being  imper- 
fect ; for,  according  to  Dr.  H.’s  calculation  of  the 
Light  transmitted  by  a Single  and  a Double  Eye- 
glass — the  former  is  to  the  latter  as  42  is  to  40.— 
See  his  Paper  on  Penetrating  into  Space,  in  the 
Chapter  on  Illuminating  Power. 

So  small  a diminution  of  Light  as  only  a twentieth 
part,  could  not  be  the  sole  cause  for  the  great  varia- 
tion of  vision  which  Dr.  H.  has  recorded  that  he 
found  between  Single  and  Double  Eye-glasses;— 
although  a Good  and  highly  educated  and  experi- 
enced Eye  can  discern  much  less  variation,  in  the 
appearance  and  brightness  of  objects,  than  persons 
who  are  not  practically  acquainted  with  this  subject 
-may  imagine. 
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I have  observed,  in  the  Chapter  on  Choosmg 
Telescopes,^’  See.  that  “ a difference  of  5 or  10  in  the 
magnifying  power  will  sometimes,  on  some  objects — 
give  quite  a different  Character  to  a Glass,”  and 
Mr,  Tulle Y states,  in  his  Letter  (see  Chapter  on 
Cassegranian  Telescopes),  that  ‘‘  on  comparing  a 
Gregorian  and  a Cassegranian  Telescope,  each  of  7 
inches  apertui’e  — at  a very  little  after  sunset , he 
could  then  plainly  perceive  a difference  between  a 
power  of  77  and  82  — whichever  Telescope  had  the 
power  of  77,  compared  with  the  other  at  82,  was 
very  visibly  the  lightest.” 

A Good  Achromatic  of  2|,  or  a Gregorian  Tele- 
scope of  5 inches  aperture  (neither  of  which  are  near 
so  light  as  the  7 feet  Reflector  of  6-^^  inches  aperture, 
which  was  the  size  of  the  Telescope  Dr.  H.  here 
alludes  to),  when  the  planet  is  in  a favourable  position 
and  near  the  meridian,  will  shew  the  Belt  of  Saturn, 
with  a Double  Eye-glass  magnifying  100  times:  and, 
on  Dec.  16,  1824,  at  half-past  nine,  when  the  planet 
was  close  to  the  meridian,  I saw  the  Belt  in  my  7 feet 
Newtonian  which  has  a Metal  of  inches,  and 
was  made  by  Sir  Wm.  Herschel,  with  Huygenian 
Eye-tubes,  magnifying  from  80  to  240  times.  — See 
Chapter  on  Saturn, 

In  a Single  Eye-glass,  especially  if  less  than  half  an 
inch  focus,  whether  Concave  or  Convex,  the  field  of 
view  is  very  small,  and  is  distinct  only  in  the  very  centre 
of  it— so  that  in  a Telescope  of  5 feet  focus  which 
magnifies  more  than  100  times — it  must  be  kept  in 
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almost  constant  motion  to  keep  a Planet  in  the 
centre  of  it. 

Saturn  or  Jupiter  so  very  nearly  fills  all  the  distinct 
part  of  the  field  of  a Single  Eye-glass,  that  we  cannot 
see  the  whole  of  them  distinctly  for  more  than  two 
or  three  seconds  without  moving  the  Telescope  : — 
now,  it  is  impossible  to  examine  any  object  distinctly 
when  it  is  in  motion,  and  therefore,  it  is  of  great  im- 
portance that  the  field  of  view  be  as  large,  and  as 
uniformly  distinct,  as  possible. 

To  my  Eye,  Saturn  certainly  appears  sharper  and 
brighter  with  a Single  Concave  or  Convex  Eye- 
glass— than  I have  seen  it  with  any  Compound  Eye- 
piece,— composed  of  two  or  more  lenses  : but  I have 
not  found  this  to  be  the  opinion  of  persons  unused  to 
observe,  which  I suppose  is  because  the  Single  Eye- 
glass is  Distinct  only  just  in  the  centre  of  the  Field, 
and  the  difficulty  of  keeping  the  object  there  is  so 
gi’eat  to  those  who  are  unaccustomed  to  manage  Tele- 
scopes, that  I have  found  them  invariably  complain, 
that  the  Vision  with  the  Single  was  less  Distinct 
than  with  the  Double  Eye-glass. 

See  other  Observations  on  the  comparative  light  of 
various  Eye-glasses,  &c.  in  the  last  page  of  my 
Chapter  on  Diagonal  Dye-pieces,  and  on  Illuminating 
Power. 

To  conclude — the  difference  in  brightness,  &c.,  is 
so  small,  — the  advantage  of  the  increased  and  uni- 
formly distinct  field  of  view  is  so  great,  and  the 
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Vision  is  so  much  more  easy  to  the  sight,  that,  espe- 
cially for  Telescopes  of  less  than  7 feet  focus,  (except- 
ing where  very  minute  objects,  such  as  faint  double 
Stars,  are  to  be  examined,  and  the  utmost  distinct- 
ness of  the  central  point  is  of  more  consequence  than 
extent  of  field,)  my  Eye  always  asks  me  to  use  the 
usual  Compound  Eye-pieces  — these  require  care  in 
constructing  of  proper  proportion,  and  careful  exact- 
ness in  putting  together. 

The  odds  in  difficulty  of  construction  against  the 
Compound  Eye-piece  are.  Two  additional  surfaces  to 
grind  and  to  polish,  i.  e.  the  imperfections  of  another 
Lens  — and  the  centring  of  them  perfectly  true  to 
each  other — however,  these  difficulties  are  easily 
surmounted  by  a careful  Optician,  and  thus  the 
Huygenian  Eye-tube  is  undoubtedly  the  most  de- 
sirable. 

‘f  The  aberration  from  the  figure,  where  Two  Eye- 
glasses are  rightly  proportioned,  is  but  a fourth  of 
what  it  must  unavoidably  be  where  the  whole  is 
performed  by  a Single  Eye-glass.”  — See  Mr.  Dol- 
lond’s  Letter  to  Mr.  Short  in  the  Phil.  Trans,  for 
1753.  And  especially  for  Planets,  and  for  Telescopes 
under  7 feet  focus ; because,  when  a single  lens  is 
shorter  than  half  an  inch  focus,  the  aberration  of 
Sphericity  becomes  extremely  inconvenient  for  Pla- 
netary Observations. — Stars  occupy  so  much  smaller 
a portion  of  the  Field  of  View,  that  for  them  it  is  of 
less  importance. 


CHAPTER  VI. 


, REFLECTORS. 

i 

REFLECTING  TELESCOPES. 

The  invention  of  the  Hejiecting  Telescope  may  be 
considered  the  epoch  when  Optical  and  Astrono- 
mical pursuits  began  to  become  general the  un- 
wieldy length  of  Refracting  Telescopes,  adapted  to 
any  important  purpose,  rendered  them  so  extremely 
inconvenient,  that  it  required  the  utmost  dexterity  to 
use  them,  as  it  is  necessary  to  increase  their  length 
in  no  less  a proportion  than  the  duplicate  of  their 
magnifying  power ; so  that,  in  order  to  magnify 
i twice  as  much  with  the  same  light  and  distinctness, 
the  Telescope  required  to  be  lengthened  four  times, 
and  to  magnify  thrice  as  much,  i.  e.  nine  times  the 
length. 

This  unwieldiness  of  the  Refracting  Telescopes 
possessing  the  needful  degree  of  Magnifying  power, 
caused  the  attention  of  Astronomers  and  Opticians, 
&c.  to  be  directed  to  the  construction  of  Refectors-; 
and,  early  in  1672,  Sir  Isaac  Newton  completed 
his  two  small  Reflecting  Telescopes,  which  were  but 
Six  inches  long,  and  were  held  in  the  hand  for  view- 
ing  objects,  but  in  power  were  equal  to  a Six  Feet 
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Refractor. — See  the  Account  of  Sir  I.  N.’s  Telescope 
in  the  Appendix. 

For  the  following  Tables  of  the  proportions  of 
Gregorian  and  Newtonian  Reflecting  Tele- 
scopes, I am  indebted  to  page  39  of  the  Appendix 
to  the  Nautical  Almanack  of  1787,  which  now  being 
out  of  print  and  become  scarce,  I have  copied  here, 
from  the  same  motives  Dr.  Maskelyne  inserted  them 
in  his  book. 


TABLE  of  the  Apertures,  Powers,  and  Prices  oj 
Reflecting  Telescopes,  constructed  in  the  Gregorian 
form,  hy  the  late  ingenious  Mr.  James  Short*. 


Number. 

Focal  length 
in  inches. 

Diameter  of 
Aperture  in 
inches. 

Magnifying  Powers. 

o 

g.  Prices. 
B 

1 

2 

3 

4 

7 

8 

9 ■ 
10 
11 
12 

3 

44 

7 

94 

12 

12 

18 

24 

36 

48 

72 

144 

1,1 

1.3 
1,9 

2.5 
3,0 
3,0 
3,8 

4.5 

6.3 

7.6 
12,2 
18,0 

1 Power  of  ■ ISTimes 

1 ^ 25 

1 40 

2 — 40  & 60 

2 — 55  & 85 

4 35,  .55,  85,  & 110 

4 55,  95, 130,  & 200  

4 90, 150, 230,  & 300 

4 100,200,  300,  & 400  

4 120,260,  380,&  500  

4 200,400, 600,&  800 

4 300, 600, 900,  & 1200 

3 

4 
6 
8 

10 

14 

20 

35 

75 

100 

300 

800 

0 

now 


Mr.  Short  charged  higher  Prices  in  1768  than  Opticians  do 
; although  the  price  of  labour  and  every  article  required  in  the 
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» Mr.  Short,  in  the  above  table,  always  greatly  over- 
! rated  the  highest  power  of  his  telescopes.  By  expe- 
i riment  they  were  found  to  magnify  much  less  than 
I expressed  in  his  paper. 

“ To  this  circumstance  alone,”  says  the  Editor  of 
the  Article  Speculum,  in  vol.  xxxii.  Part  II.  of 
' Dr.  Rees’s  New  Cyclopaedia,  “ we  are  assured  by  an 
Ingenious  and  Candid  Optician,  it  is  to  be  ascribed, 

\ 

construction  of  a Telescope  is  now  much  dearer — but  Short  had  no 
competitor,  and  he  spared  neither  trouble  nor  expense  to  make  his 
Telescopes  perfect — and  then  put  such  a price  upon  them  as  pro- 
perly repaid  him  — and  purchasers  were  content  — because  they 
were  convinced  that  they  received  from  him  as  perfect  an  Instru- 
ment as  Art  could  produce. 

Mr.  Herbert, 

Bought  of  J AM 

1767.  To  an  Equatorial  Telescope  18  inches 
April  13.  Focal  Length,  the  Aperture  as  large 
as  one  of  2 feet, 

With  Achromatic  Object-glass  and  Mi- 
chrometer  of  30  feet  Focal  Length 
To  a Common  Stand  for  the  Telescope 
To  an  Helioscope  _ _ _ 

£153  16  6 

1 London,  13th  April,  1767,  Eeceived  of  Mr.  Herbert 
the  Above  Sum  in  full  .of  all  Demands. 

Ja.  Short. 

i N.B.  The  above  was  given  me  in  May  1824,  by  Mr.  Eubergall, 
i Optician,  in  Coventry  Street,  in  whose  possession  I saw  the 
I original. 


ES  Short. 
|.£115  10  0 

I 26  5 0 

8 8 0 

3 13  6 
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that  ‘ All  following  Opticians^  have  been  obliged,  by 
way  of  satisfying  the  expectations  of  their  Customers, 
to  over-rate  the  highest  power  of  their  Telescopes, 
in  order  to  obtain  a price,  adequate  to  their  respective 
values.” 

Who  “ the  Ingenious  and  Candid  Optician"  is,  or 
who  the  Author  of  the  article  quoted  is,  I do  not, 
nor  do  not  wish  to  know  — Who  “ the  Following 
Opticians”  are,  it  would,  however,  be  very  desirable 
to  know,  because  no  one  would  willingly  enter  the 
Shop  of  Tradesmen  who  practise  imposition  by  sys- 
tem ! but  why  should  they  over-rate  their  higher 
powers  ? — An  Eye-tube,  or  a small  Speculum,  which 
magnifies  300,  costs  them  very  little  more  trouble 
than  one  that  magnifies  200  times  ! ! ! 

The  present  work,  it  is  hoped,  will  completely 
dissipate  all  these  delusions  about  monstrous  Magnify- 
ing Powers,  which  have  so  long  obfuscated  the  Opera- 
tions of  Opticians,  and  the  amusements  of  Telescope 
fanciers.  — See  Chapter  on  “ Illuminating  Power,” 
“ Magnifying  Power,”  ^c. 

Mr.  Short  finished  two  or  three  telescopes  of  the 
Gregorian  form,  of  eighteen  inches  focus,  with  4*5 
inches  aperture,  and  power  170. 

He  also  made  One  telescope,  of  the  Cassegrain 
form,  of  twenty-four  inches  focus,  with  six  inches 
aperture,  and  power  355.  But  it  was  very  indistinct 
with  that  power.  The  greatest  magnifier  it  bore, 
with  sufficient  distinctness,  was  231  times. 
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For  want  of  Illuminating  power,  no  Reflecting 
Telescope  of  6 Inches  aperture,  or  indeed  of  any 
larger  aperture,  will  appear  so  distinct,  when  turned 
to  a Planet,  with  355  as  with  231. — See  Obs.  on  the 
7 feet  Newtonian.  This  telescope  is  well  known  in 
the  optical  world  by  the  name  of  “ Short’s  Dumpy,” 
and  was  originally  made  for  the  Honourable  Topham 
Beauclerc,  at  whose  sale  it  was  purchased  by  the 
late  Mr.  Aubert,  who  pointed  it  out  to  me,  in  his  ob- 
servatory, as  a very  curious  and  unique  instrument. 
Tlris  Instrument,  Mr.  Tulley  assured  me,  is  still  in 
high  preservation,  and  in  the  possession  of  Mr.  Allen, 
of  Plough  Court,  Lombard  Street. 

The  Cassegrain  differs  from  the  Gregorian  by  the 
small  speculum  being  convex. 
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TABLE  of  Apertures,  Powers,  &;c.  of  Telescopes  of 
the  Newtonian  construction. 


Focal  Dist. 
of  concave! 
metal. 

Aperture  of 
concave  metal. 

Sir  Isaac 
Newton’s 
numbers. 

Focal  Distance 
of 

Single  eye-glass. 

Ma^ify- 

ing 

Power. 

Feet 

Inch  Dec* 

Inch  Dec* 

i 

0,86 

100 

0,167 

36 

1 

1,44 

168 

0,199 

60 

2 

2,45 

283 

0,236 

102 

3 

3,31 

383 

0,261 

138 

4 

4,10 

476 

0,281 

171 

5 

4,85 

562 

0,297 

202 

6 

5,57 

645 

0,311 

232 

7 

6,24 

0,323 

260 

8 

6,89 

800 

0,334 

287 

9 

7,54  ■ 

0,344 

314 

10 

8,16 

946 

0,353 

340 

11 

8,76 

0,362 

365 

12 

9,36 

1084 

0,367 

390 

13 

9,94 

0,377 

414 

14 

10,49 

0,384 

437 

15 

11,04 

0,391 

460 

16 

11,59 

1345 

0,397 

483 

17 

12,14 

0,403 

506 

18 

12,67 

0,409 

528 

19 

13,20 

0,414 

550 

20 

13,71 

1591 

0,420 

571 

21 

14,23 

0,425 

593 

22 

14,73 

0,430 

614 

23 

15,21 

0,435 

635 

24 

15,73 

1824 

0,439 

656 

Dr.  Maskelyne  observes,  that  as  Telescopes  of  Sir 
Isaac  Newton’s  construction  are  now  found  (particu- 
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larly  by  the  late  exquisite  observations  of  Mr.  Her- 
schel,)  to  perform  most  excellently  in  the  minutiae  of 
Astronomy,  especially  if  Small  apertures,  and  Long 
foci  are  made  use  of,  I have  added  the  foregoing 
table,  chiefly  taken  from  Dr.  Smith’s  Optics,  vol.  i. 
p.  148.  I have  also  annexed  to  it  Sir  Isaac  New- 
ton’s numbers,  by  means  of  which  the  apertures  and 
powers  of  Reflecting  telescopes,  may  be  easily  com- 
puted.— See  Appendix  to  Gregory’s  Optics,  p.  229  ; 
or  Phil.  Trans.  No.  81. 

Dr.  Smith,  in  the  preceding  Table,  reckons  that 
to  obtain  Double  the  Degree  of  Magnifying  power 
you  must  have  Quadruple  the  degree  of  Illuminating 
power — that  is,  to  the  Speculum  of  inches  Aperture 
he  sets  down  a Magnifying  power  of  260 — to  the 
Speculum  of  12  inches  a Magnifying  power  of  506. 

It  may  be  necessary  to  mention,  that  the  preceding- 
table  was  constructed  by  using  the  dimensions  of  the 
middle  aperture  and  power  of  Mr.  Hadley’s^excellent 
ISewtonian  telescope  as  a standard;  viz.  focal  dis- 
tance of  great  mirror  62 J inches  — aperture  of  the 
object-metal  five  inches,  and  power  208  times. 

“ Mr.  Herschel  chiefly  makes  use  of  a Newtonian 
reflector,  the  focal  distance  of  whose  great  mirror  is 
7 feet,  its  aperture  6.25  inches,  and  powers  227  and 
460  times,  though  sometimes  he  uses  a power  of 
6450  for  the  fixed  Stars.” 

‘ Note  : If  the  metals  of  a Newtonian  telescope  are 
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worked  as  exqiiisltely  as  those  in  Mr.  HerschelV 
seven  feet  reflector,  the  highest  power  that  such 
a telescope  should  bear,  with  perfect  distinct- 
ness, will  be  given  by  multiplying  the  diameter 
of  the  great  speculum  by  74*  ; and  the  focal 
distance  of  the  single  eye-glass  may  be  found  by 
dividing  the  focal  distance  of  the  great  mirror  by 
the  magnifying  power.  Thus  6,25  x 74=462,  the 

magnifying  power;  and  =0,182  of  an  inch, 

the  focal  distance  of  the  single  eye-glass  re- 
quired.” 

» Tills  calculation  must  allude  to  the  Power  which  it  will  bear 
for  ohserving  Stars. — Eye  has  never  seen  a Newtonian,  or  any 
Reflecting,  or  indeed  any  Achromatic  Telescope,  that  would,  for 
Planetary  observations,  bear,  with  any  advantage  to  Vision,  a 
liighei  magnifier  than  is  given  by  reducing  the  diameter  of  the 
] .arge  Metal  into  Tenths  of  Inches,  and  multiplying  that  sum  by  3 
or  4 at  the  utmost,  which  latter,  requires  eveiy  circumstance  to  be 
perfectly  favourable. For  observing  Double  Stars  I have  occa- 

sionally employed  a magnifier,  that  is  given  by  multiplying  the 
diameter  by  10  and  by  20 —but  very  rarely  with  any  advantage 
beyond  6 or  8.  These  computations  will  be  found  to  coincide  very 
nearly  to  the  Numbers  given  to  a 7 feet  Newtonian  of  6 3-tenths 

aperture  in  the  preceding  Table. 

Dr.  Smith’s  Table  gives  260  for  the  Magnifying  Power  of  a 
Newtonian  with  an  aperture  of  6i  inches.  Mr.  Hadley’s  New- 
tonian of  5 feet  focus  and  6 inches  aperture  magnified  208  times.— 
See  the  Appendix. 

Widi  my  Herschel  7 feet,  of  6 3-teuUis  aperture,  for  looking 
at  Saturn,  I like  an  Iluygenian  Eye-piece  magnifying  about  213 
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Notwithstanding  this  high  authority  for  making 
Newtonian  telescopes  of  such  extremely  long  foci,  I 
am  far  from  being  convinced  it  is  absolutely  neces- 
sary that  they  need  be  made  quite  so  long  as  14 
diameters  of  their  object  speculum,  for  any  other 
reason,  save  the  advantage  arising  from  the  use  of 
Eye-glasses  of  longer  foci,  which  is  a very  great  ad- 
vantage, because  the  aberration  of  sphericity  is  in 
them  so  much  diminished  we  can  get  almost  all 
the  Magnifying  Power  which  is  wanted  for  Planetary 
observations  with  a single  Convex  lens  of  half  an  inch 
or  a third  of  an  inch  focus  with  a 7 feet  New- 
tonian.—See  OU.  on  Single  Eye-glasses  in  Chap- 
ter \ . on  Galilean  Telescopes. 

The  Vision  of  a Gregorian  Telescope  is  as  bright, 
and  quite  as  distinct  with  a Speculum  whose  focal 
length  is  6 times,— aye  of  only  4 times  or  even  3 times 
the  diameter  of  its  large  Metal,  as  it  is  of  any  lono-er 
focus— and  it  must  be  as  easy  to  produce  the  artificial 
curve  required  in  telescopes  of  the  Newtonian  as  it  is  in 
tliose  of  the  Gregorian  construction. 

The  curve  which  is  best  adapted  to  a Greo-orian 
one  would  suppose  would  be  best  for  a Newtonian 
ispeculum— but  Opticians  assure  me  that  this  is  not 


mmes-and  not  higher  then  240.  Sir  Wm.  H.  u.sed  with  such  a 
escope  a single  convex  which  magnified  287  with  my  Gregorian 
Aperture-this  Planet  is  seen  best  wt^ 
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the  fact,  and  that  a Large  Speculum  which  affords 
excellent  vision  with  a Plane  Small  metal-  is  indif- 
ferent with  a Concave  one — and  that  which  acts  well 
with  a Concave  will  not  do  so  well  with  a Convex. 
(See  the  end  of  Chapter  IX.  on  Cassegraniam.) 

It  costs  only  a few  pounds  to  have  a Plane  small 
Speculum,  &c..  put  to  a Gregorian  Telescope,  and  it 
gives  an  opportunity  of  trying  many  amusing  experi- 
ments. 

One  of  our  best  Practical  Opticians,  the  cele- 
brated Short,  saw  no  necessity  for  Newtonians  being 
so  long  the  focal  length  of  that  which  he  made  for 
the  Royal  Observatory  at  Greenwich,  is  only  8 dia- 
meters of  its  aperture  ; i.  e.  it  is  Six  feet  focus,  and 
Nine  inches  and  a quarter  in  diameter. 

This  is  a manageable  Machine,  long  enough  to 
apply  as  great  a Magnifier,  and  large  enough  to 
reflect  as  bright  an  image  as  is  of  any  use  to  the  Eye. 

The  Proportion  fixed  by  those  Experienced 
Makers  of  Reflectors  Messrs.  Tulley,  is  one  Inch 
of  Aperture  to  one  foot  of  Focal  length.  They  have 
assured  me  that  they  cannot  malce  them  shorter, 
>vithoutthe  Instrument  being  much  less  perfect. 


Northampton,  May  ^st,  1822. 

Dear  Sir, 

After  many  trials  to  shorten  tne 
Newtonian  Telescope  below  12  times  the  diameter 
of  the  Object  Speculum,  1 am  now  convinced,  that 
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large  Newtonians  cannot  be  made  to  do  their  duty 
perfectly,  unless  they  are  at  least  12  times  the  length 
of  the  diameter  of  the  large  Metal : in  that  case,  they 
are  certainly  superior  to  any  other  Telescope. 

Like  many  persons,  I was  for  a long  time  incre- 
dulous as  to  the  necessity  of  Long  Foci,  but  expe- 
rience has  fully  convinced  me  of  it.  My  7 Inch 
metal  of  7 feet  focus  will  always  beat  my  9 Inch 
metals  of  that  length. 

I cannot  see  jj  Corona,  which  Mr.  Mosely  in- 
formed me  that  he  has  seen  in  the  most  distinct 
manner  with  the  7 feet  Newtonian  of  7 Inches 
Aperture  with  560  which  you  made  for  him : — 
my  12  inch  Aperture  blends  the  two  stars  together, 
and  they  appear  as  one  ill-defined  spot  of  light  — 
they  appear  the  same  in  my  telescope  of  9 inches 
Aperture ; and  for  no  other  reason  but  that  it  is  of 
only  7 feet  focus. 

Mr.  M.  observes  that  it  is  impossible  to  see  any 
of  the  minute  Double  Stars  distinctly  defined,  un- 
less the  weather  is  Warm,  Clear,  and  Calm. 

I am.  Dear  Sir, 

Yours  truly, 

R.  COMFIELD. 

To  Mr.  Tulley,  Optician,  Islington. 


The  above  was  communicated  to  me  by  Mr.  Tulley — 
who  informed  me  that  Mr.  Cornfield  had  had  a great 
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deal  of  experience  both  in  making  and  using  reflect- 
ing Telescopes,  and  that  his  opinions  are  quite  cor- 
rect.— See  more  on  this  subject  in  Mr,  Tulley’s 
Letter,  on  7 Feet  Newtonians. 

In  Newtonian  Telescopes,  Dr.  Herschel  says, 
in  his  Paper  on  the  Quintuple  Belt  of  Saturn  in  the 
Phil.  Trans,  vol.  Ixxxiv.,  that  “ the  maximum  of  dis- 
tinctness, is  much  easier  obtained,  in  a speculum  of 
Six  inches  and  a quarter  aperture,  than  it  can  be  in 
larger  ones,”  This  was  the  size  of  the  Telescope  he 
made  his  Astronomical  catalogues  with,  and  in  his 
hands  it  has  worked  wonders. 

Dr,  H.  observes,  that  his  7 feet  Newtonian, 
which  has  an  Aperture  6^Lths  inches,  “ has  sufficient 
light  with  a Single  eye-glass,  of  of  an  inch 

focus,  which  gives  it  a Magnifying  power  of  287,  to 
shew  the  Belts  and  Double  Bing  of  Saturn  com- 
pletely well*.”  What  can  we  wish  for  more  ? How 
many,  have  expended  large  sums  of  money  on  Tele- 
scopes, without  having  ever  seen  these  All-repaying 
Sights. 

If  I was  now  to  order  a Telescope  for  Astronomical 

* In  page  51  of  vol.  Ixxxiv.  of  the  Phil.  Truns.  for  1794, 
Dr.  H.  says,  “ my  7 feet  Reflector  bears  an  Eye-glass  of  3-tenths 
of  an  inch  focal  length. 

“ My  object  Specula  are  generally  from  84  to  88  inches  focus, 
and,  therefore,  give  a power  from  280  to  293.  Tlie  favourite  one 
gave  287.”— (See  Chapter XIX. on  “Saturn'’  and  Chapter  XVII. 
on  “ Illuminating  Foivcr.” 
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purposes  for  my  own  use — I would  have  a Newtonian 
of  not  less  than  7 feet  focus,  or  a Gregorian  of  3 
feet  focus  and  7 or  9 Inches  diameter. — See  Obs.  on 
“ Neivtonian  and  Gregoi'ian  Telescopes'^ — and  on 
“ Saturn,”  and  Mr.  Comfield’s  Tetter 'm  p.  77. 

In  Dr.  H.’s  account  of  his  Lamp  Micrometer,  in 
Phil.  Trans,  for  1782,  he  says,  “ the  power  of  460 
my  telescope  bears  so  well  on  the  fixed  Stars,  that  for 
near  a twelvemonth  past  I have  hardly  used  any 
other.” 

In  page  5 of  the  Phil.  Trans,  for  1790,  the  Dr. 
informs  us  that  “ with  410  his  7 feet  reflector  had 
hardly  light  enough  for  Saturn.” 

The  following  are  interesting  facts  about  Large 
Telescopes  : — 

“ The  Strong  light  of  the  20  feet  Reflector  was 
too  great  a fatigue  to  the  Eye,  which  cannot  bear  to 
look  at  a very  luminous  object  for  a long  time  to- 
gether ; for  which  reason  (in  observing  Saturn)  I 
chiefly  used  my  7 feet  Reflector.” — See  Phil.  Trans. 
for  1794 — and  Dr.  Maskelyne’s  Obs.  in  page  42 
of  the  Appendix  to  the  Nautical  Almanack  for  1787, 
and  Dr.  Herschel’s  Obs.  on  y Teonis. — See  Phil. 
Trans,  vol.  Ixxv.  p.  48,  and  Chapter  XX.  of  this 
work.  Sir  W.  H.  observes,  that  “ with  the  20  feet 
Reflector  and  Power  350,  y Teonis  is  too  bright 
an  Object  to  be  quite  distinct.”  The  Aperture  of 
his  20  feet  Reflector  I believe  was  about  18  inches — 
and  of  the  10  feet,  9 inches. 
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Query  : Can  the  acmi  of  perfection,  be  ob- 
tained in  metals  larger  than  6 inches  in  dia- 
meter? Mr.  Tulley  and  Mr.  Watson  have 
candidly  declared  to  me,  they  would  rather  not 
undertake  to  make  Specula  larger  than  9 inches 
in  diameter,  if  required  to  engage  that  they  would 
shew  Stars  round  and  neatly,  like  Silver  spangles 
on  a bit  of  Black  cloth.  — See  Sir  W.  H.  Ohs. 
and  the  diagram  of  Castor  in  the  frontispiece 
to  this  work.  “ They  should  give  the  apparent 
diameter  of  Stars  perfectly  round  and  well  de- 
fined, with  a deep  black  division  between  them” — 
and  unless  they  will  bear  this  severe  ordeal,  their 
figure  cannot  be  depended  on  for  exhibiting  any  ob- 
ject with  that  perfection,  which  is  the  sine  qua  non  of 
Astronomical  Telescopes.  To  define  Double  Stars 
distinctly  and  shew  the  Division  in  Saturn’s  Ring,  are 
undoubtedly  the  best  tests  of  the  perfection  of  the 
Instrument  and  of  the  perfection  of  its  Adjustment, 
for  observing  every  other  object. 

It  must  ever  be  present  in  our  Recollection,  that 
the  Quality  of  the  Light,  is  as  important  as  the 
Quantity  of  it  — increasing  the  Apertures  of  our 
Telescopes,  unless  they  are  in  every  part  equally 
perfect— will  be  of  no  use. — See  Mr.  Comfield’s 
Letter,  at  page  77. 

To  make  a Reflector  of  7 inches  Aperture  shew 
Stars  as  Sir  W.  H.  has  delineated  the  diagram  of 
Castor,  (see  Frontispiece,)  is  a difficult  task  for  the  best 
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workman  — and  is  a task  which  perhaps  will  very 
seldom  be  accomplished  with  a Speculum  beyond 
that  diameter. 

Have  a light  wooden  Cap  to  put  on  the  end  of 
your  Telescope  which  will  contract  the  Aperture  half 
an  inch,  and  fit  into  this  two  others  of  Pasteboard 
which  will  each  contract  it  half  an  inch  more  — you 
will  find  them  very  convenient  in  comparing  the 
Illuminating  power  of  Telescopes  and  for  observing 
the  Sun — Moon  — and  Double  Stars.  — {See  Chap- 
ter XX.  on  Double  Stars.) 

The  dimensions  of  Instruments  are  limited — Op- 
tical Art  is,  as  I have  before  said,  circumscribed,  by 
certain  impediments  which  prevent  the  application 
of  a higher  power  than  400  times. 

This  is  so  true,  that,  until  these  Obstacles  are  re- 
moved, we  need  not  hunt  after  monstrous  Telescopes, 
unless  it  be  in  the  true  hobbyhorsical  spirit,  J'or  the 
sake  of  the  Pleasure  arising  from  the  Trouble  of  using 
them. 

Immense  Telescopes,  are  only  about  as  useful, 

G5  the  Enormous  Spectacles  which  are  suspended 
over  the  doors  of  Opticians. 

Those  who  are  acquainted  with  the  laws  of  Me- 
chanics know,  that  all  the  productions  of  Art  are 
circumscribed  by  Nature,  and  governed  by  certain 
laws  and  proportions.— If  these  are  overstepped,  to 
render  one  part  of  a Machine  more  powerful,  another 
part  will  in  proportion  become  less  perfect  j so  that 

E 2 
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when  this  line  of  perfection  is  broken,  as  much  as  is 
gained,  one  way  is  commonly  lost  another,  or  the 
good  of  the  whole  is  sacrificed  for  certain  parts. 

“ Est  modus  in  rebus,  sunt  certi  denique  fines, 

“ Quos  ultra  citraque  nequit  consistere  rectum.” 

According-  to  this  rule,  I have  endeavoured  to 
prove  that  Optical  instruments  and  their  Magnifying- 
powers  have  their  proper  limits,  — as  well  as  every 
other  thing  which  is  made  by  the  hands  of  Man. 

I do  not  believe  that  Art  has  yet  produced  a Re- 
flector beyond  7 inches,  or  an  Achromatic  beyond 
3J„ths  in  diameter,  of  which  the  Defining  power 
has  proved  quite  perfect  when  tried  on  a fixed  Star. 
I have  no  doubt  that  this  was  the  reason  why  Sir 
W.  H.  chose  the  7 feet  Newtonian  for  forming  his 
Catalogue  of  Double  Stars  in  preference  to  any  of 
his  larger  Instruments  — of  which  at  that  time  he 
had  several  of  10  and  12  inches  in  diameter.— See 
F/til.  Trans. 
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THE  LENGTHS APERTURES ILLUMINATING 

AND  MAGNIFYING  POWERS,  AND  PRICES,  OF 
GREGORIAN  REFLECTING  TELESCOPES,  AS  NOW 
MADE  BY  MESSRS.  TULLEY  AND  SONS,  TELE- 
SCOPE MANUFACTURERS,  TERRIT’s  COURT, 
UPPER  STREET,  ISLINGTON.  . 


Name  they  are 
known  by. 

Diameter  of 
Aperture. 

Illuminating 

Power. 

Usual  Magnifying 
Powers. 

Price. 

Feet  Inches 

1 0 

Inches 

n 

52 

50 

. i.  «. 

7 7 

1 6 

3 

90 

50 

100 

12  12 

2 O' 

4 

160 

60-90 

120-180 

16  16 

CO 

o ^ 

.5 

250 

60-90 

120-180 

42  0 

4'  0 

7 

490 

77-130 

200-350 

105  0 

5 6. 

9 

810 

90-130 
200-350  • 

210  0 

OF  THE  NEWTONIAN  CONSTRUCTION. 


Herschcl,  7 feet. 

7 

Improved 

6 3 

396 

50  to  1000 

100 

0 

7 

7 

■ •490 

126 

0 

10  * 

10 

1000 

50  to  1000 

315 

0 
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ACHROMATIC  TELESCOPES 

manufactuhed  by 

CHARLES  TULLEY  and  SONS. 


£.  s.  d. 

Portable  Telescopes,  1 foot  when  drawn  out,  and 
5 inches  when  shut  up,  Object-Glass  H 

meter  1 15  0 

Ditto,  1 J foot  when  drawn  out,  and  7 inches  when  shut 

up,  Object-Glass  inch  diameter  2 13  6 

Ditto,  2 feet  when  drawn  out,  and  9 inches  when  shut 

up,  Object-Glass  1 1 inch  diameter  3 13  6 

Ditto,  2J  feet  when  drawn  out,  and  10  inches  when 

shut  up,  Object-Glass  2 inches  diameter 5 5 0 

Ditto,  3 feet  when  drawn  out,  and  10  inches  when  shut 

up,  Object-Glass  2^  inches  aperture 6 6 0 

Ditto,  4 feet  when  drawn  out,  and  14  inches  when  shut 

up,  Object-Glass  2 1 inches  aperture 12  12  0 

1^  foot  Telescopes,  to  be  used  at  Sea,  commonly  called 
Navy  Telescopes,  Mahogany  Tube,  with  one  Bi*ass 
Draw  for  Eye-piece  2 0 0 

2 feet  ditto 2 12  6 

2^  feet  ditto  4 0 0 

3 feet  ditto 4 14  6 

4 feet  ditto 7 7 0 

Night  Telescopes  to  be  used  at  Sea,  in  Mahogany 

Tubes,  mounted  with  Brass,  2 feet  long  3 3 0 

2^  feet  Telescopes,  Brass  mounted,  on  plain  Pillar  and 
Claw  Stand,  with  1 Eye-piece  for  Astronomical  Pur- 
poses, and  1 for  Land  Objects,  to  vary  the  magnify- 
ing Power,  packed  in  a Mahogany  Box  10  10  0 
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2J  feet  Telescopes,  Brass  mounted,  on  Pillar  and  Claw 
Stand,  with  elevating  Rack,  1 Eye-piece  for  Astrono- 
mical Purposes,  and  1 for  Land  Objects,  to  vary  the 
magnifying  Power,  packed  in  a Mahogany  Box  . . 
3J  feet  ditto,  2|  inches  aperture,  with  plain  Pillar 
a»d  Claw  Stand,  2 Eye-pieces  for  Astronomical 
Purposes,  and  1 for  Day  Objects,  to  vary  the  mag- 
nifying Power,  packed  in  a Mahogany  Box  

Ditto,  ditto,  witli  elevating  Rack  and  Achromatic 
Finder,  2 Eye-pieces  for  Astronomical  Purposes, 
and  1 for  Day  Objects,  to  vary  the  magnifying 

Power,  packed  in  a Mahogany  Box  

3i  feet  Telescopes,  3^  inches  aperture,  with  Vertical 
and  Horizontal  Rack-work  Motions,  Achromatic 
Finder,  3 Eye-pieces  for  Astronomical  Purposes, 
and  1 for  Day  Objects,  to  vary  the  magnifying 

Power,  packed  in  a Mahogany  Box  

Ditto,  ditto,  3 1 inches  diameter,  mounted  as  above 
Ditto,  ditto,  with  Universal  Equatorial  instead  of 

Pillar  and  Claw  Stand  

5 feet  ditto,  3|-  inches  aperture,  on  a Universal 
Equatorial  Stand,  with  Achromatic  Finder,  4 Eye- 
pieces for  Astronomical  Purposes,  and  1 for  Day 
Objects,  to  vary  the  magnifying  Power,  packed  in  a 

Mahogany  Box,  from  100  Guineas  to  

7 feet  ditto,  5 inches  aperture,  on  a newly  improved 
Universal  Equatorial  Stand,  6 Eye-pieces  for  Astro- 
nomical Purposes,  and  1 for  Day  Objects,  to  vary 
the  magnifying  Power,  with  Achromatic  Finder, 
and  froughton’s  Micrometer 


£.  s. 


12  12 


21  0 
26  5 

42  0 
68  5 

84  0 


157  10 


d. 


0 


0 


0 


0 

0 

0 


0 


275  0 0 
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The  foregoing  Table  gives  the  proportions  of 
which  Reflecting  Telescopes  are  usually  made,  but 
if  the  Purchaser  is  willing  to  pay  an  extra  price  for 
the  additional  trouble  in  working  the  Metals  of  a 
shorter  focus,  he  may  have  a Gregorian  Telescope 
not  exceeding  four  inches  Aperture,  of  any  length, 
so  that  it  be  not  shorter  than  three  diameters  of  its 
aperture  j but  there  is  no  use  in  making  telescopes 
of  extremely  short  focus,  if  their  aperture  is  larger 
than  2 inches : the  only  advantage  of  making  those 
so  short  is  to  render,  them  more  easily  portable — a 
Tube  of  3 inches  diameter  if  only  8 inches  in  length 
is  not  a portable  thing  from  its  Diameter. — See 
Obs.  on  Dumpies  in  Chapter  XVII.  o«  Illuminating 
Power. 

The  Reader  will  see  by  the  above  Table,  and 
that  of  Mr.  Short’s  (p.  68),  that  the  usual 
proportion  of  the  Apertures  of  Gregorian  Telescopes, 
to  their  Focal  Lengths  is  as  One  to  Six ; which  is 
quite  Short  enough,  and  you  have  a much  greater 
chance  of  having  a fine  Instrument  by  having  it  of 
the  Dimensions  usually  made,  because  you  may  have 
the  choice  of  several  Metals. 

It  has  been  said  even  by  practical  Opticians,  that 
Short  Gregorian  Telescopes  give  a neater  image  of  a 
Star,  than  those  of  the  usual  length  — is  it  not  con- 
trary to  all  Theory,  that  deep  curves  should  have  less 
aberration  than  shallow  ones  ? I venture  to  ascribe 
the  usual  superiority  of  Short  Gregorians  to  another 
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cause  than  their  Shortness.  These  Dumpy  Tele- 
scopes are  usually  bespoke  by  Amateurs,  who  are 
willing  to  pay  a good  Price  for  a good  Instru- 
ment, therefore  the  maker  sets  to  cheerfully,  de- 
termined to  do  his  best,  having  the  double  induce- 
ment of  being  well  paid  for  his  labour,  and  of  its 
being  duly  estimated  by  being  in  the  hands  of  those 
who  will  properly  appreciate  it;  he  will  have  Credit 
for  his  good  work  as  well  as  Profit. 

As  I have  before  observed,  it  is  not  near  so  difficult 
a task  to  make  a Telescope  that  will  shew  Day 
objects  and  Planets  tolerably  well,  as  it  is  to  pro- 
duce one  that  will  define  a Star  properly;  — unless 
the  Telescope  is  made  on  purpose  for  observing 
Celestial  objects  the  requisite  trouble  is  not  taken 
to  render  it  perfect  for  such  purposes,  if  it  was,  the 
Instiuments  could  not  be  sold  at  the  cheap  rate 
which  common  Telescopes  are  sold  at : — I have  put 
the  reader  into  possession  of  the  power  of  judging  of 
the  goodness  of  Telescopes,  and  it  is  just  to  those 
\\lio  make  them,  to  candidly  acquaint  him  that 
Opticians,  like  all  other  Artists,  must  be  paid  extra, 
if  extraordinary  excellence  be  required. 

Were  I to  order  a Gregorian  or  Newtonian,  I 
would  not  have  the  former  shorter  than  4 diameters 
of  Its  large  Speculum,  nor  the  latter  shorter  than  9 : 
and  when  I ordered  it,  should  say  to  the  maker — if 
your  Instrument  does  not  define  sharply,  .1  will  not 
have  it  any  more  than  I would  have  a Razor  that 
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would  not  shave  sharply ; if  it  does,  I will  willingly 
pay  you  for  your  extra  trouble  in  making  it : at  the 
same  time  asking  what  sum  would  satisfy  him. 

If  an  Optician  desires  to  make  a perfect  Instru- 
ment, He  must  make  Two  sets  of  Specula*  : — this 
alone — can  give  him  a fair  chance  of  doing  his  best. 

So  easy  it  is  to  get  a tolerably  good  figure,  that 
will  do  pretty  well  for  Day  purposes  — and  so  ex- 
tremely difficult  it  is  to  obtain  a figure  that  will  per- 
form perfectly  well  for  Celestial  purposes — that  if  the 
Buyers  are  unwilling  to  pay  for  the  extra  labour, — 
they  ought  not  to  be  very  much  astonished, — if  the 
Sellers  are  willing  to  stop,  when  the  figure  is  tolerably 
good,  rather  than  run  the  risk  of  destroying  a week’s 
work,  by  trying  to  make  it  a fine  one. 

Get  one  Metal  as  good  as  you  can,  then  set  to 
work  at  another,  and  when  you  are  quite  sure  that 
you  have  made  the  second  more  perfect,  try  to  mend 
the  first : thus,  by  alternately  working  one  after  the 
other,  you  may  at  last  obtain  that  ‘‘  ne  plus  ultra”  of 
perfection,  which,  to  the  most  experienced  and  expert 
Optician,  is  always  accidental. 

Therefore,  the  Makers  of  Telescopes  should  keep 
to  certain  sizes — the  fewer  varieties  of  either  Aper- 
ture or  length,  the  better  both  for  the  Buyers  and 
the  Sellers,  as  the  greater  number  of  fine  Instru- 

• See  Dr.  IIerschel’s  account  of  his  labours  in  Specula- 
inaking,  in  Chapter  VIII.  of  Uiis  •work. 
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, ments  may  be  picked  out — and  the  less  will  be  the 
expense  of  making  Tools  and  the  trouble  of  manu- 
facturing Telescopes. — See  Mr,  S.  Gray’s  Experi- 
I ment  to  make  Concave  Specula  of  a Parabolic 
I figure,  in  vol.  xix.  p.  787  of  the  Phil.  Trans,  for 
' 1697 — Dr.  Gregory’s  Elements  of  Cat-  and  Di- 
i Optrics,  by  Dr.  Desagoeiers,  8vo.  1735 — and 
the  Rev.  S.  Hardy’s  Translation  of  Sherffer  on 
Dioptrics,  8vo.  1768. — See  Directions  for  making  Re- 
flecting Telescopes  by  Mr.  Mudge,  vol.  Ixvii.  of  the 
Phil.  Trans,  p.297 — andMr.  J.RAMSDEN’aObservar 
tions  on  Cassegrain  Telescopes,  in  vol.  Ixix.  p.  425. 

The  perfection  of  a Speculum  consists  in  its  Figure, 
its  Weight,  (its  reflective  power  being  in  proportion 
to  its  specific  gvavity,)  and  its  Whiteness. — See  Mar^- 
tin’s  New  Elements  of  Optics,  8vo.  1759. 

The  Colour  of  the  Metal  is  very  important ; in  a 
fine  white  metal  we  see  the  different  colours  of  the 
Moons  of  Jupiter,  &c,  — which  are  not  distinguish- 
able in  tarnished  Metals  and  those  of  a yellow  hue,  or 
in  Object-Glasses  which  are  notperfectly  Achromatic. 

2/ie  Polishing  of  the  Speculum,  is  the  most  dif- 
tficult  part  of  the  whole  process;  for  every  experi- 
tenced  workman  knows  to  his  vexation,  that  the  most 
ttriflmg  error  here  will  be  sufficient  to  spoil  the  figure 
•of  his  metal,  and  render  all  the  preceding  caution 
useless.  -Mudge  on  Reflecting  Telescopes  in 
vol.  vi.  p.  317  of  Phil.  Trans. — and  see  the  Rev. 
John  Edwards  and  Dr.  Maskelyne’s  Directioms 
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for  making  and  adjusting  of  Reflectors  in  the  Appen- 
dix to  the  Nautical  Almanack  for  1787. 

But  the  performance  of  the  Telescope  depends 
much  more  upon  the  Figure  of  the  Metal,  than 
upon  the  Polish  of  it — and  the  Workman  has  often 
infinitely  more  trouble  to  make  a good-looking 
Speculum,  than  a good-acting  one.  To  obtain  both, 
is  as  rare,  as  it  is  to  meet  with  a human  Head  of 
which  you  equally  admire  the  outside  and  the  inside. 
I do  not  assert  this  without  having  had  experience 
that  I am  stating  the  Truth. 

I have  a favourite  one  foot  Reflector  made  by  Mr. 
Watson,  which  being  a very  perfect  and  portable 
Instrument  formerly  accompanied  me  as  my  travel- 
ling Telescope  : — on  my  return  home  after  a trip  to 
the  Sea  Side,  I found  to  my  great  concern  that  the 
Large  Speculum  was  spotted  all  over  as  if  it  had 
caught  the  Small  Pox  : having  then  not  had  much 
experience  in  these  things,  1 concluded  that  the  Metal 
was  quite  spoiled,  and  had  a New  one  made — how- 
ever, on  comparing  the  New  Metal  with  the  Old 
one,  to  my  extreme  astonishment  I fomid  my  Old 
friend  the  Small  Pox  Speculum  still  shewed  Objects, 
decidedly  brighter  than  th.e  fair-faced  New  one 
did.  This  apparently  unaccountable  fact,  is  easily 
accounted  for.  The  quantity  of  light  lost  by  the 
spots  on  the  old  Speculum  was  more  than  com- 
pensated by  the  exquisite  perfection  of  its  defining 
power — the  harmonious  action  of  every  part  of  the 
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! old  Speculum  produced  that  brilliant  vision  which 
the  less  perfect  figure  of  the  new  one  failed  to  pro- 
duce, notwithstanding  its  polish  was  more  perfect. 

On  the  25th  August,  1807,  when  the  Duke  of 
Richmond’s  Instruments  were  sold  at  Mr.  Berge’s, 
the  Optician,  in  Piccadilly, — I saw  the  7 feet  New- 
tonian Reflector  with  a Speculum  fl-^^yths  inches  in 
diameter,  and  made  by  Dr.  Herschel,  and  for  which 
the  Dr.  had  210/.  ; in  this  Telescope,  the  Stars  ap- 
peared as  very  small  ‘points,  with  scarcely  any  sen- 
sible diameter,  without  any  rays,  &c.  from  them.  I 
took  my  Beauclerc,  which  has  a triple  Object-Glass 
•of  3-^pths  inches  in  diameter,  to  compare  with  it — 
the  Reflector  was  much  lighter  and  pleasanter  vision— 
notwithstanding  that  the  Metal  -was  very  much  tar- 
nished this  Newtonian  was  one  of  the  finest  tele- 
scopes I ever  saw,  and  was  purchased  by  Mr.  Thoul- 
den  for  83/. 

It  is  of  the  utmost  consequence  to  the  perfection 
of  Reflecting  Telescopes,  that  the  Mirrors  be  placed 
*ruly  parallel  to  each  other,  and  that  the  centres  of 
-hem,  together  with  the  centres  of  the  Eye-glasses, 
oe  all  in  one  direct  line  ; viz.  in  the  axis  of  the  tube  : 
unless  this  be  very  carefully  attended  to,  the  Instru-r 
went  wdl  appear  indistinct  and  imperfect,  especially 
when  turned  to  a Star,  even  though  the  Mirrors 

tave  the  most  perfect  figure  and  most  perfect  polish 
»ossible. 
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That  truly  excellent  artist,  Mr.  James  Siiokt, 
always  took  the  greatest  care  to  adjust*  and  centre 
the  metals  of  his  telescopes,  which  he  termed 
“ Marrying  of  them.” 

“ Mr.  Short  used  to  proceed  by  first  making  his 
Large  metal  as  nearly  correct  and  parabolical  as  he 
could,  and  then,  from  a number  of  Small  metals,  to 
select,  by  trial,,  that  which  corrected  the  large  one  in 
the  best  manner.” — Dr.  Rees’s  New  Encycloptedia, 
vol.  XXXV,  Part  I.  Article  Telescope,  in  which  the 
Reader  will  find  much  information  on  that  sub- 
ject. 

“ You  will  perceive  a sensible  difference  in  the 
sharpness  of  the  image  under  different  positions  oj 
the  Great  Speculum  with  respect  to  the  Little  one, 
by  turning  round  the  great  metal  in  its  cell,  and 
opposing  different  parts  of  it  to  different  parts  of  the 
little  metal,  correcting  by  this  means  the  error  of  one 
by  the  other.  This  attempt  should  be  persevered 
in  for  some  time,  turning  round  the  Great  Specu- 
lum about  at  a time,  and  carefully  observing  the 
most  distinct  situation  each  time  the  Eye-piece  is 
screwed  on : when,  by  trying  and  turning  the  great 
Metal  all  round,  the  distinctest  position  is  discovered, 
the  upper  part  of  the  Metal  should  be  marked  with 

* See  particular  directions  how  to  adjust  a Reflecting  Tele- 
scope, in  the  Appendix  to  the  Nautical  Almanack  for  1787. 
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; a black  stroke,  that  it  may  always  be  lodged  in  the 
{ cell  in  the  same  position.  This  is  the  method  Mr.; 
[ Short  always  used ; and  the  caution  is  of  so  much 

I consequence,  that  he  thought  it  necessary  to  mention 
i it  veiy  particularly  in  his  Printed  directions  far  the 
i use  of  the  Instrument.  Mr.  Short  also  frequently 
! corrected  the  errors  of  the  Great  by  the  Little  metal 
rin  another  way.  If  the  great  speculum  did  not 
lanswer  quite  well  in  the  telescope,  he  cured  that 
defect  sometimes  by  trying  the  effect  of  several 
rmetals  successively,  by  this  means  correcting  the 
i errors  of  one  by  the  other;  for  in  several  of  his 
itelescopes  which  have  passed  through  my  hands, 
'when  the  sizes  and  powers  have  been  the  same,  I 
ihave  found  that  the  great  metals,  though  very  distinct 
in  their  proper  telescopes,  yet  have,  when  taken  out 
tmd  changed  from  one  to  the  other,  spoiled  both 
Itelescopes,  rendering  them  exceedingly  indistinct, 
iwhich  could  arise  from  no  other  circumstance.  For 
Ithis  reason  I suppose  it  was,  that  he  kept  ready 
Ifinished,  a great  many  large  metals  of  the  same 
local  length,  so  that,  when  he  wanted  to  mount  a 
telescope,  he  might  from  a great  choice,  be  able  to 
(combine  those  metals  which  suited  each  other  best. 

II  am  strongly  inclined  to  believe  this  was  the  case, 
iiot  only  from  the  above  observation,  but  because  he. 
fehevved  me  himself  a box  of  finished  metals,  in  which 
I am  sure  there  were  a dozen  and  a half  of  the  same 
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focal  length.”' — Mr.  J.  Mudge  on  Reflecting  Tele- 
scopes, from  the  Phil.  Trans,  for  1777. 

If  the  Mirrors  are  perfectly  well  figured,  and  are 
truly  centred  and  adjusted  to  their  best  position,  a 
fixed  Star,  when  the  Telescope  is  put  out  of  focus, 
should  appear,  in -Reflecting  Telescopes,  as  a round 
luminous  circle  with  a black  spot  exactly  in  its 
Centre; — when  the  Telescope  is  adjusted  to  distinct 
vision,  the  Star  will  appear,  (if  the  Telescope  is 
excellent,  and  the  state  of  the  air  favourable,)  exactly 
Round,  and  totally  free  from  all  irradiations,  or  false 
rays  and  glare.  When  the  Image  becomes  indistinct 
at  points  of  the  tube  equally  distant  from  the  point 
of  distinct  vision  as  the  Eye-tube  is  put  in  or  out 
from  its  focal  point,  it  is  considered  one  of  the  best 
tests  of  a good  Telescope. 

No  object  is  so  proper  to  determine  the  excellence 
and  the  adjustment  of  Telescopes,  as  the  Fixed  Stars, 
as  the  least  irregularity  in  the  adjustment  of  the 
Metals  in  Reflecting  telescopes,  or  of  the  Object- 
class  in  Achromatics,  is  rendered  by  them  exceed- 
ingly  conspicuous  by  a false  glare,  and  by  their  not 
appearing  perfectly  round. 

To  expedite  the  difficult  business  of  adjustment, 
various  substitutes  for  Stars  have  been  contrived  by 
which  to  adjust  telescopes  during  the  Daytime  — 
but  I have  been  assured  by  several  candid  practical 
Opticians  that  none  are  to  be  depended  upon. 
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One  of  the  most  curious  reflecting  telescopes  I 
have  ever  seen,  is  a Duimpy  Cassegranian  made  by 
Mr.  Butt,  of  Bath.  It  is  of  eight  inches  aperture; 
and  only  sixteen  inches  focus.  I saw  <«  Geminorum 
with  it,  very  neatly  defined  as  two  points.  The  in- 
strument was  not  then  finished,  and  only  one  Eye- 
tube  was  glassed : with  this  it  performed  very  well, 
and  promised  to  be  a fine  Telescope. 

I have  a little  dumpy  Gregorian  of  only  Two 
inches  aperture  and  barely  Four  inches  focus,  made 
by  Mr.  Cuthbert,  which  shews  Jupiter  and  Saturn 
beautifully  sharp,  and  defines  some  Double  Stars  in 
the  neatest  manner,  with  a power  of  130 ; the  se- 
paration of  the  Two  Stars  of  Castor  is  extremely 
distinct.  — See  Ohs.  thereon  in  Chapter  XX.  on 
Double  Stars. 

About  25  years  ago  I had  some  Reflecting 
Telescopes  made  for  me  by  Mr.  Cary,  optician 
and  mathematical  instrument  maker,  in  the  Strand, 
one  of  which  was  a Newtonian  of  7 feet  focus, 
and  the  aperture  Six  and  ./g^ths  inches ; another 
a Gregorian  of  7 inches  Aperture  and  27  inches 
focus. 

I had  also  a Newtonian  of  7 feet  focus,  with  a 
Metal  of  seven  inches,  made  by  Mr.  Watson. 

1 had  a Gregorian,  made  by  Mr.  Tulley,  of 
ferrit’s  Court,  Upper  Street,  Islington,  of  7 inches 
aperture,  and  27  inches  focus. 

Ihe  Instruments  were  got  up  on  purpose  for  me. 
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at  an  unlimited  expense,  and  from  the  acknowledged 
ability  of  the  makers,  there  can  be  no  doubt  that 
all  care  was  bestowed  on  them  ; and,  they  performed 
extremely  well  in  the  Daytime,  and  exhibited 
Jupiter  and  Saturn  in  a brilliant  and  beautiful 
manner; — their  aperture  being  so  large,  they  illu- 
minated Saturn,  especially  the  Belts  and  the  Black 
list  on  the  ring,  as  it  was  formerly  called  ; or,  as  it 
is  now  called,  the  Division  or  space  between  the 
Rings,  in  a very  satisfactory  style.  I think  that  the 
Vision  with  the  Newtonians  was  easier  than  with  the 
Gregorians ; and  most  pleasant  with  a poAver  of 
about  213.  A lower  power  does  not  magnify  enough; 
higher  magnifiers  do  not  afford  sufficient  light. 

However,  I could  not  always  get  all  these  Re- 
flectors to  perform  so  well  as  a fine  Refractor,  when 
turned  to  fixed  Stars,  which  some  of  the  Reflectors 
sometimes  shewed  with  more  or  less  of  false  light 
about  them,  when  in  the  same  five  minutes  I have 
seen  them  with  my  Achromatic,  perfectly  free  from 
all  accompaniments,  round  and  sharply  defined,  like 
little  Planets. 

However,  in  justice  to  the  Makers  of  these  In- 
struments, I must  here  note,  that  they  were  not 
made  expressly  for  examining  Double  Stars— which 
pursuit  30  years  ago  had  hardly  come  into  fashion  : 
and  unless  a Telescope  is  ordered  especially  for  that 
purpose  it  will  very  rarely  well  define  those  objects.— 
See  Dr.  Herschel’s  paper  “ On  the  causes  which 
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affect  Mirrors  so  as  to  prevent  their  shewing  Objects 
distinctly.” 

“ It  must  be  noticed,  that  few  Specula  or  Object- 
glasses  are  so  very  perfect  as  not  to  be  affected  with 
some  rays  or  inequalities,  when  high  powers  are  used, 
and  the  object  to  be  viewed  is  very  minute.”' — Dr. 
Herschel,  in  Phil.  Trans,  vol.  Ixxxviii.  p.  69. 

When  a Telescope  is  pointed  at  a Star,  the  least 
Defect  in  the  figure,  or  adjustment  of  the  metals  in  a 
Reflector,  or  of  the  object-glass  in  an  Achromatic,  im- 
mediately stares  in  your  Eye, — the  Star  not  appearing 
round,  but  surrounded  by  false  lights,  radiating  points, 
and  little  flitting  luminous  accompaniments. 

They  make  their  appearance  in  a Periwig, — ^instead 
of  presenting  themselves  clean  shaved,- — or  like  round 
Silver  Spangles  on  a bit  of  Black  Cloth. 

Sir  William  Herschel  advises  those  who  wish 
to  examine  the  closer  Double  Stars,  “ to  pre- 
viously adjust  the  focus  of  their  Glass  with  the 
utmost  delicacy,  on  a Star  known  to  be  Single,  of 
as  nearly  as  possible  the  same  Altitude,  Magni- 
tude, and  Colour,  ^s  the  Star  which  is  to  be  exa- 
mined, carefully  examining  the  circumstances  of  the 
Star  they  adjust  by,  whether  it  be  round,  and 
well  defined,  or  surrounded  by  little  flitting  appen- 
dages which  keep  playing  about  the  image  of  the 
Star,  varying  in  their  appearance  as  it  passes  through 

the  field,  or  remaining  fixed  to  it  uniformly  the 
same.” 
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'■  These  imperfections  of  the  Object-Glass,  or 
Object-metal,  or  Eye-piece,  may  be  detected  by 
unscrewing,  or  turning  them  about  in  their  cells. 

They  have  occasioned  inexperienced  star-gazers  to 
make  many  discoveries  of  blazing  Stars,  Comets,  8cc. : 
•the  following  is  a specimen  : — 

“ A few  evenings  since,  a gentleman  looking  at  the 
planet  Jupiter  through  a telescope,  observed  a lumi- 
nous appearance  at  a small  distance  below  the  planet, 
in  shape  approaching  to  the  arc  of  a circle  of  about 
90  degrees  or  more ; the  horns  pointing  to  the 
horizon;  the  rim  narrow  and  hair-like,  something 
resembling  the  moon  two  or  three  days  old,  but  of  a 
very  pale  whitish  colour  : sometimes,  however,  much 
more  vivid  and  brilliant.  This  appearance  has  no 
doubt  attracted  the  attention  of  astronomers,  as 
it  still  retains  nearly  the  same  position  in  the 
heavens.” 

The  above  was  in  the  Morning  Post,  July  23, 
1817.  I sent  the  following  to  the  Editor. 

THE  PLANET  JUPITER. 

Mr.  Editor — The  appearance  of  the  planet  Jupiter, 
noticed  in  your  paper  of  the  25th  inst.,  is  npthing 
more  than  an  optical  delusion,  arising  from  some 
defect  in  the  telescope  of  the  gentleman  who  ob- 
served it.  If  he  turn  his  glass  to  any  fixed  star  of 
the  first  magnitude,  he  will  jirobably  find  the  same 
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appendage  to  it  as  he  has  seen  to  Jupiter,  which  is 
occasioned  by  some  defect  in  the  figure  or  adjust- 
ment of  the  metals  in  reflecting  telescopes,  or  of  the 
object-glass  in  achromatics.  Dirt  upon  the  eye- 
glasses may  produce  the  same  effect. 

I observed  Jupiter  last  night  with  the  celebrated 
achromatic  of  46  inches  focus,  with  a treble  object- 
glass  of  3|  inches  aperture,  (which  was  originally 
made  for  the  Hon.  Topham  JBeauclerc,')  which  I pur- 
chased at  the  sale  of  the  astronomical  Mr.  Aubert. 
With  this  well-known  and  perfect  instrument,  charged 
with  a power  of  150  times,  there  was  nothing  unusual 
in  the  form  of  the  planet,  which  appeared  well  defined. 

I am,  &c. 

July  25,  1817.  W.  K. 

A difficult  object  to  define  in  the  Daytime,  and 
perhaps  the  best  test  to  try  the  distinctness  and 
correctness  of  our  Instruments,  is  the  Dial-plate  of 
a Watch  when  the  sun  shines  upon  it,  placed  about 
100  feet  from  the  glass,  as  is  also  a Weathercock, 
which  has  light  all  around  it. — (See  Chapter  XVI. 
on  Comparing  Telescopes.) 

In  the  Appendix  to  the  Nautical  Almanack  for 
1787,  are  “ Directioris  for  making  the  best  compo- 
sition for  the  metals  of  Reflecting  Telescopes ; and 
the  method  of  Casting,  Grinding,  Polishing,  and 
giving  them  the  True  Parabolic  Figure,  by  the 
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Rev.  John  Edwards,  B.A.;  published  by  order  of 
the  Commissioners  of  the  Longitude.” 

In  which  Mr.  Edwards  observes,  that  “ to  produce 
an  equal  effect,  the  diameter  of  the  aperture  of  a 
common  Reflecting  telescope  must  be  to  that  of  an 
Achromatic  telescope  as  8 to  5 — but  that  by  a careful 
experiment,  he  found  that  Mr.  Edwards’s  metal, 
which  was  composed  of 

Copper 32  parts 

Tin  15 

Brass 1 

Silver 1 

Arsenic 1 

of  seventy-one  mixtures,  was  by  much  the  hardest, 
whitest,  and  most  reflective.” 

“ Mr.  Edwards’s  metals  shew  a white  Object  per- 
fectly white,  and  all  objects  of  their  natural  colours, 
very  different  to  common  reflecting  telescopes,  which 
give  a dingy  appearance  to  objects  which  they 
shewed  as  bright  as  a Treble  Object-glass  Achro- 
matic, both  being  put  under  equal  circumstances  of 
areas  of  the  apertures  of  the  Object-metal  and  Object- 
glass,  and  equal  Magnifying  powers.” — See  Chap- 
ter XVII.  on  Illuminating  Power. 

The  following  is  an  Extract  from  Mr.  Var ley’s 
account  of  Lord  Stanhope’s  Telescope,  in  the 
Journal  of  Arts  for  January  and  February  1820, 
•pp.  48  and  116. 
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In  order  to  have  the  Glass,  of  which  his  lenses 
were  to  be  made,  equally  good,  and  of  the  same  re- 
fractive power,  he  purchased  a large  plate,  and  had 
it  cut  into  slips  for  that  purpose;  so  that  having 
once  ascertained  its  refractive  power,  and  carefully 
measured  the  radii  of  the  tools  in  which  it  was  to 
be  ground,  he  could  be  sure  of  the  foci  of  the 
various  lenses  which  he  intended  to  be  made.  He 
paid  equal  attention  to  the  composition,  casting,  and 
working  of  his  metals.  For  this  purpose  he  pro- 
cured a sufficient  quantity  of  purified  copper  and 
tin ; and  for  casting  them  his  method  was  different, 
and  much  superior  to  that  in  common  use;  instead 
of  melting  the  metal  in  common  melting  pots,  and 
then  pouring  it  into  moulds  made  of  wet  sand  and 
loam,  he  melted  his  metal  in  a vessel  or  pot  made  of 
cast  iron,  a,  Plate  V.  fig.  4,  with  a pipe  of  the  same 
material,  h,  inserted  into  a hole  in  the  bottom,  and 
rising  a little  above  it,  as  at  c,  its  lower  end  being 
well  fitted  into  the  cover,  or  upper  part  of  the  mould, 
d,  which  had  a rebate,  e e,  to  receive  it ; the  mould, 
with  its  cover,  pipe,  and  melting  pot,  being  placed 
upon  a large  iron  grate,  upon  which  was  built  a fire- 
place, made  of  loose  bricks  not  closely  joined,  in 
order  that  a sufficient  quantity  of  air  might  be  ad- 
mitted, and  large  enough  to  receive  a proper  quantity 
of  charcoal  for  melting  the  metal.  The  hole  in  the 
bottom  of  the  melting  pot,  was  stopped  up  by  a plug 
or  stopper,  b,  made  of  wrought  iron,  the  lower  end 
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being  a little  conical,  and  made  to  fit  the  hole  of  the 
pipe  at  c,  and  surmounted  with  the  flanch  g;  this 
plug  or  stopper  was  made  long  enough  to  reach  a 
few  inches  abovo  a loose  cover  made  to  cover  the  top 
of  the  melting  pot,  which  had  a hole  in  the  middle 
for  this  plug  to  pass  easily  through. 

“ As  it  is  desirable  to  know  when  there  is  a suf- 
ficient quantity  of  melted  metal,  the  following  method 
will  determine  that  near  enough.  There  is  always 
some  scoria  at  the  bottom,  as  well  as  some  floating 
upon  the  melted  metal,  neither  of  which  must  be 
suffered  to  enter  the  mould  : the  first  is  prevented  by 
the  pipe  b,  standing  up  a little  above  the  bottom,  as 
shewn  in  the  figure;  the  latter,  by  having  more  metal 
than  will  fill  the  mould ; this  may  be  known  by  first 
putting  tlie  plug  into  its  place,  and  then  putting  in 
as  much  dry  sand  as  will  rise  a little  above  the  flanch, 
g,  and  then  fill  the  mould  with  dry  sand,  which  add 
to  that  already  put  in  the  melting  pot,  and  notice 
the  height  which  the  two  portions  of  sand  occupy, 
and  that  will  be  a sufficient  guide.  Then  pour  opt 
the  sand,  and  put  eveiy  thing  in  its  place ; put  in  a 
first  quantity  of  metal,  and  put  on  the  loose  cover, 
after  that  nearly  fill  the  fire-place  with  charcoal, 
upon  that  some  charcoal  already  ignited,  and  then 
more  charcoal  to  cover  the  whole.  I ought  to  have 
said,  that  the  bottom  of  the  fire-place  should  have 
some  loose  pieces  of  bricks  put  in  it  to  fill  it  nearly 
to  the  bottom  of  the  melting  pot,  to  prevent  the 
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upper  part  of  the  mould  becoming  too  hot,  which  it 
would  otherwise  do.  And  for  that  reason  the  fire 
should  be  lighted  at  the  upper  part  first,  which  may 
be  promoted  by  a pair  of  hand -bellows,  and  the 
metal  will  soon  be  melted,  and  more  added  until 
there  is  enough.  When  that  is  obtained,  and  the 
metal  melted,  it  may  be  let  into  the  mould  by  raising- 
the  plug  a little,  but  not  so  much  as  to  raise  it  quite 
out  of  the  pipe  : this  is  done  best  by  haying  a pin,  h, 
in  the  plug,  a little  above  the  loose  cover,  in  order  to 
apply  a rod  of  iron,  as  a lever,  by  which  the  plug 
may  be  raised  until  the  metal  is  seen  to  run  into  the 
mould,  and  when  that  is  full,  the  fire  should  be  re- 
moved as  quick  as  possible  by  removing  the  bricks 
of  which  the  fire-place  was  built,  and  the  whole  to 
be  left  until  all  is  cold.  By  this  method  I cast  many 
metals  for  his  lordship,  which  proved  better  than, 
any  which  I have  ever  seen  cast  by  any  other 
means. 

“ The  metal  should  be  previously  prepared  and 
granulated  in  the  following,  manner,  and  in  the  pro- 
portion of  thirty-two  parts  of  copper  to  fourteen  of 
grain  tin;  the  copper  to  be  melted  in  a common 
melting  pot  in  a wind  furnace,  and  then  the  tin 
melted  in  an  iron  ladle,  and  poured  into  the  melted 
copper.;  and  after  stirring  it  with  an  iron  rod,  the 
whole  should  be  quickly  poured  into  a vessel  of 
cold  water  by  a gentle  stream,  and  it  will  be  found 
granulated  and  made  convenient  for  introducing 
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into  the  melting  vessel.  I could  give  sufficient 
Veasons  for  the  whole  of  this  process;  but  it  will  be 
enough  to  state,  the  metal  will  always  prove  good 
when  so  managed. 

“ The  tin  will  mostly  be  found  in  too  small  a quan- 
tity in  the  above  proportions  ; but  as  different  sorts  of 
copper  require  different  proportions  of  tin,  the  proper 
quantity  can  only  be  known  by  making  a trial,  which 
is  most  conveniently  done  in  the  second  melting,  by 
taking  a small  quantity  out  of  the  melting  vessel 
with  an  iron  ladle,  having  an  upright  handle : half 
an  ounce  will  be  quite  sufficient ; when  cold,  grind 
it  upon  a plate  of  metal  with  a little  fine  emery,  to 
discover  whether  it  breaks  up  too  much  to  bear  grind- 
ing ; afterwards  break  it,  to  judge  of  its  strength 
and  colour,  which  may  be  done  in  a few  minutes  : 
more  tin  may  be  added,  if  required,  a little  at  a time, 
until  it  is  brought  to  a proper  state  for  working.  By 
working,  I mean  grinding  and  polishing. 

“ Nothing  that  I have  yet  mentioned  deserves  the 
name  of  difficult,  compared  to  the  last  operation  of 
grinding  and  polishing  ; particularly  in  the  working 
of  Flat  metals,  such  as  the  little  metals  for  a New- 
tonian telescope. 

“ I have  known  one  of  the  most  experienced  work- 
men bestow  the  labour  of  three  weeks  upon  one  of 
these,  and,  after  all,  he  owned  to  me  it  was  not  flat ; 
this  metal  was  not  more  than  two  inches  in  its  trans- 
verse diameter.  But  to  obtain  any  thing  perfectly 


REFLECTORS. 


105 


flat,  or  straight,  or  square,  or  round,  or  spherical,  or 
any  other  figure,  is  not  within  the  reach  of  Human 
Industry.” 

The  late  indefatigable  and  ingenious  Earl  of  Stan- 
hope had  a plan  for  constructing  a still  more  stupen- 
dous Optical  Instrument  than  even  the  40  feet 
Telescope  of  Sir  Wm.  Herschel.  Mr,  Varley  in- 
forms us,  in  page  36  of  No.  1,  January  1820,  of  the 
London  Journal  of  Arts  and  Sciences,  that  “ his 
Lordship’s  vast  design  was  no  less  than  the  construc- 
tion of  a Telescope  of  384  feet  in  Length,  with  Re- 
flectors 6 feet  in  Diameter. 

The  observer  may  sit  or  stand  in  a warm  room, 
and,  without  ever  changing  his  position,  observe 
more  than  one  half  of  the  horizon,  the  object  appeai’- 
ing  directly  before  him,  however  elevated  it  may  be 
in  the  heavens  ; thus  continuing  in  the  easiest  pos- 
ture and  without  ever  being  exposed  to  the  open  air. 
No  other  telescope  affords  these  very  desirable  ad- 
vantages. 

“ In  other  telescopes,  the  smallness  of  the  eye- 
glasses is  very  objectionable  where  highly  magni- 
fying  powers  are  wanted  ; in  compound  eye-pieces 
particularly,  (which  are  by  far  the  best,)  it  is  next  to 
impossible  to  obtain  them  small  enough.  In  the 
Stanhope  telescope,  the  greatest  powers  can  be  ob- 
tained with  glasses  of  not  less  than  two  inches  focus  j 
which  are  of  a size  much  more  manageable  in  every 
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respect.  Opticians  will,  I believe,  think  this  im- 
possible, but  I can  assure  them  it  is  strictly  true. 

“ In  other  telescopes,  the  eye-piece  requires  a very 
nice  adjustment,  as  well  on  account  of  the  difference 
in  eyes,  as  the  greater  or  less  distance  of  the  objects 
themselves ; but  in  this  instrument  no  such  nicety 
was  required  : for  with  the  same  situation  of  the 
eye-piece,  objects  placed  at  sixty  yards,  or  any 
where  in  his  lordship’s  extensive  park,  or  upon 
the  Vine  at  Sevenoaks,  which  I think  is  a dis- 
tance of  three  miles  at  least,  were  distinctly  seen  j 
nor  did  it  require  to  be  adjusted  afresh  for  different 
observers  ; and  what  is  more  extraordinary,  he  would 
oull  out  or  push  in  the  eye-piece  more  than  twelve 
inches  without  producing  any  perceptible  indistinct- 
ness : his  lordship  thought  this  of  great  importance. 

“ But  what  will  surprise  opticians  the  most,  is 
the  result  of  the  last  Experiment  which  his  lord- 
ship  ever  made,  on  an  Evening  in  Jamiary  1816, 
after  the  Sun  zvas  set.  The  object  was  a watch-dial 
placed  at  the  distance  of  sixiy  yards  from  the  tele- 
scopes j and  when  it  was  too  dark  to  see  the  dial 
at  all  with  a Gregorian  telescope  of  six  inches  aper- 
ture, and  which  had  a metal  of  an  excellent  com- 
position, with  his  Telescope  of  1^2  feet  focus,  having 
the  Aperture  reduced  to  three-quarters  of  an  inch, 
and  charged  with  a Power  of  three  hundred  times, 
his  lordship,  as  well  as  myself,  and  several  others  who 
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were  present,  could  read  the  figures,  and  the  small 
dots  between  the  minute  figures  on  the  dials,  the 
experiment  being  tried  upon  several : the  dials  ap- 
peared as  though  some  artificial  light  had  been 
thrown  upon  them,  when,  in  truth,  there  was  no 
such  thing,  nor  any  other  artifice  used.  Now,  in 
the  common  construction  of  telescopes,  metals  reflect 
and  glass  transmits  light  in  proportion  to  their  areas, 
or  as  the  square  of  their  aperture,  which  in  this  case 
was  as  sixty-four  to  one  ; so  that  the  effect  was  pro- 
duced by  the  peculiar  construction  of  the  instrument, 
and  can  be  attributed  to  no  other  cause.” 

Mem.  I do  not  insist  upon  my  Readers  believing  all 
the  above.  W.  K. 

patent  Graphic  ^tkscopts, 

For  delineating  all  kinds  of  objects,  Animals  and  Birds  that  avoid 
a near  approach,  the  expression  of  groups  of  people  in  conversation, 
which  the  gaze  of  a stranger  would  disturb. 

Portraits,  Shipping,  Views  of  Towns,  Architecture,  &c.  may  all 
be  traced  witli  equal  ease  and  in  true  perspective. 

Prices,  mounted  plain.  Best  mounted. 

First  Size £5  5 0.. £8  8 0, 

Second  ditto 8 18  6 14  14  0 

Third  ditto,  best  mounted  . . 18  18  0 23  2 0 

Portable  Table,  quite  steady  . 5 5 0 7 7 0 

Tliese  Instruments  are  made  and  sold  by  the  Inventor, 
CORNELIUS  VARLEY, 

51  Upper  Thornhaugh  Street,  Tottenham  Court  Road,  London. 

***  Likenesses  drawn  with  the  Instrument  in  chalk  or  pencil,  at 
One  Guinea  and  upwards. 
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The  late  Astronomer  Royal,  Dr.  Maskelyne,  in  the 
Preface  to  the  first  vol.  of  his  Observations,  has  re- 
corded the  following  comparison,  “ the  result  of  many 
Observations*  made  with  an  excellent  Achromatic 
telescope  of  46  inches  focus,  with  a treble  object- 
glass,  the  work  of  Mr.  Dollond,  and  a six  feet  New- 
tonian reflector  made  by  Mr.  Short,  and  a two  feet 
Gregorian  reflector  made  by  Mr.  Edwards.  The  Six 
feet  reflector  seemed  to  have  the  advantage  of  the 
achromatic  telescope  in  observing  the  eclipses  of 
Jupiter's  first  satellite  by  13  seconds — and  over  the 
two  feet  reflector  by  20  seconds;  shewing  the  im- 
mersions so  much  later,  and  the  emersions  so  much 
soonerf. 

“ The  diameter  of  the  aperture  of  the  six  feet  New- 
tonian reflector  is  9.4  inches ; — that  of  the  two  feet 
Gregorian  reflector  is  4.36  inches ; and  that  of  the 
Achromatic  telescope  3.6  inches.” 

The  preceding  comparison  of  the  achromatic  and 
the  reflectors,  does  not  go  to  support  Dr.  Maskelyne’s 
assertion,  that  M!r..  Edwards  s Metals  reflect  as  much 
light  as  Glass  transmits,— the  immersions  of  Ji/piVc/  ’s 

* It  should  always  he  stated  with  what  Aperture  and  Power, 
Observations  are  made — and  at  what  distance  the  Objects  were 
from  the  Meridian,  and  the  day  of  the  Month  and  Year— 

W.  K.  . . r u 

f Tliis  will,  in  some  measure,  depend  on  the  distinctness  of  the 

telescope,  and  the  sharpness  with  which  it  defines  the  Planet,  and 

its  Magnifying  Power. 
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moons  being  seen  seven  seconds  later  than  with  the 
Gregorian  reflector,  whose  aperture  was  nearly  an 
inch  larger  in  diameter. 

I have  had  many  Reflectors  made  for  me  by 
various  artists,  some  of  whom  professed  to  make  their 
metals  after  Mr.  Edwards’s  recipe ; and  others,  who 
used  some  compound  of  their  own,  which  they  thought 
still  more  brilliant  and  reflective ; but  I am  quite  certain 
that  none  of  them  shewed  Objects  more  than  half  as 
well  illuminated,  as  a fine  Achromatic  of  equal  aper- 
ture did — in  what  precise  proportion  the  Light  trans- 
mitted surpassed  that  reflected,  I never  shall  pretend 
that  I can  tell  the  Reader  exactly — but  it  is  my  own 
opinion  and  that  of  several  scientific  persons  who  saw 
the  trial  of  my  Telescopes — that  the  Illuminating 
power  of  an  Achromatic  to  a Reflector  is  as  2 to  1, 
that  is  to  say,  the  intrinsic  brightness  of  the  pencil 
of  Rays  from  the  former  is  double  that  of  the  latter. — 
See  Chapter  XVII.  on  Illuminating  Power. 

It  has  been  proposed,  that  Dr.  Maskelyne’s  experi- 
ment may,  perhaps,  in  some  degree  be  proved,  by 
charging  a Gregorian  with  a power  of  50,  and  an 
Achromatic  glass  of  equal  aperture  with  a power  of 
80  times : — and  that  in  proportion  as  the  Instru- 
ments then  exhibit  objects  with  an  equal  degree  of 
brightness, — will  be  the  accuracy  of  Dr.  Maskelynes 
position  as  to  their  respective  Illuminating  power; 
but,  as  I have  observed  in  the  Chapter  on  Illumi- 
nating Potver,  the  increase  of  the  impediments  to 
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Vision  from  the  Medium  which  we  look  through  in- 
creases in  so  high  a ratio  to  the  magnifying  Power, 
as  to  prevent  such  a comparison. 

One  cause  of  Gregorians  being  complained  of  as 
being  dark,  and  of  the  difficulty  of  finding  an  object 
with  them,  is,  that  they  are  generally  made  to  Mag- 
nify much  more  than  Achromatic^ ; and  the  field  of 
view  is  in  inverse  proportion  to  the  Magnifying 
power,  and  also  from  the  Tube  being  much  shorter, 
it  is  comparatively  more  difficult  (as  every  Sportsman 
knows)  to  take  aim  with  them. 

The  opinions  I offer  on  the  I/lummating  powers  of 
Telescopes  are,  to  the  best  of  my  knowledge  and 
belief,  as  near  the  truth  as  my  Eye  has  the  faculty  of 
judging. 

In  whatever  I have  written,  my  predominant  mo- 
tive has  ever  been,  a desire  to  candidly  communicate 
to  others,  the  information  which  1 fancy  I have 
gleaned  by  long  and  expensive  experience. 

The  Highest  magnifying  power  a Gregorian  Tele- 
scope will  carry  for  Day  purjDOses,  without  over- 
balancing its  Illuminating  power,  i.  e.  without  the 
vision  being  more  obscured  by  the  subtraction  of 
Light,  than  it  is  assisted  by  the  addition  of  Magni- 
fying power,  will  be  given  by  reducing  the  diameter 
of  the  large  speculum  into  Tenths  of  Inches,  and 
multiplying  the  sum  by  2 or  3. 

For  Planetary  observations,  by  3 or  4,  (this  Rule 
will  give  you  nearly  the  same  Numbers  that  you  will 
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find  in  Sir  I.  Newton’s  Table,  at  page  72,)  more  or 
less,  according  to  the  figure  and  reflective  powers  of 
the  Specula,  and  the  condition  they  are  in, — espe- 
cially the  state  of  the  Small  Speculum.  This  rule 
only  applies  where  the  application  of  it  does  not 
produce  a power  of  more  than  250  times — which  is 
the  utmost  tlmt  the  Atmosphere  of  this  Country  ever 
permits  us  to  apply  to  Planets:  — this  is  fully  ex- 
plained in  the  Chapter  on  Illuminating  Power. 

It  is  almost  needless  to  observe,  that  highly  po- 
lished Metals  of  a perfect  figure,  will  reflect  more  light, 
and  shew  objects  more  brilliantly,  than  tarnished 
Specula,  originally  of  a bad  composition,  and  per- 
haps of  rather  a queer  figure  at  first. 

The  Small  Specula  should  be  closely  covered  with 
Brass  caps  fitting  close  upon  them — and  then  packed 
in  a Box  with  the  Large  Speculum — which  should 
be  kept  in  a dry  place,  and  occasionally  examined  to 
see  if  it  gets  tarnished. 

Specula  are  very  easily  and  irreparably  in- 
jured—by  a Blow  or  a Fall,  although  there  may 
be  no  perceptible  mark  of  such  injury  except  in  the 
deterioration  of  the  vision. 

Illuminating  Power  (like  other  things)  is  most 
accurately  estimated  when  it  is  most  wanted,  i.  e. 
on  very  minute  objects,  and  such  as  are  badly 
lighted  up. 

The  advantage  of  a Large  Telescope  is  most  ob- 


112 


UEFLECTOIIS. 


viousj  if  the  comparison  is  made  at  the  close  of  day : 
as  darkness  comes  on,  the  superiority  of  Illuminating 
power  will  become  more  easily  visible.  — See 
Mr.  Tulley’s  Letter  in  Chapter  IX.  on  Cassegraniam, 
and  XVII.  on  Illuminating  Power. 

P)istinctness  is  frequently  misnamed  Light  and 
brilliance.  A fine  Telescope  is  said  to  be  remarkably 
light,  because  all  the  rays,  by  the  Mirror  or  Object- 
glass  being  ground  perfectly  true,  uniteat  one  point 
this  uniform  action  produces  the  same  strong  effect 
as  the  equal  bearing  of  every  fibre  of  Captain  Hud- 
dart’s  Cable,  of  which  every  thread  pulls. 

“ Croton-glass  is  the  most  proper  for  the  Eye- 
glasses of  Reflecting  Telescopes,  as  it  is  the  most 
pure  glass  made  in  this  country,  and,  notwithstand-  - 
ing  its  colour,  transmits  more  light  than  even  flint- 
glass— Objects  may  be  seen  through  a much  thicker 
piece  of  crown,  than  of  Flint-glass. 

“ The  combination  of  the  colour  of  the  Crown-glass, 
and  of  the  light  reflected  from  the  Metals,  shews  ob- 
jects of  their  natural  colour,  and  totally  free  from  all 
dingy  or  yellowish  tinge.  An  Eye  accustomed  to  use 
a Crown-glass  eye-piece  will  never  like  any  other,  the 
Vision  is  so  decidedly  superior.”  — See  Appendix  to 

the  Nautical  Almanack  for  1787. 

The  eye-tubes  of  Gregorians  are  generally  formed 
of  two  glasses,  and  the  causes  which  enable  them 
to  carry  more  magnifying  power  for  Astronomical 
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than  for  Day  pui-poses,  is  the  vividness  of  the 
objects  augmenting  the  brightness  of  the  pencil,  and 
their  being  farther  removed  from  the  Vapours  which 
float  near  the  Horizon. 

It  is  not  the  mere  diameter  of  the  pencil,  but  the 
quality  of  it,  that  stimulates  the  Eye,  which  is  as 
much  excited,  and  as  perfect  an  impression  is  made 
on  the  retina  by  a vivid  pencil  of  light  of  ^^^th  of 
an  inch  diameter,  as  by  one  of  inferior  brightness  of 
■^th  of  an  inch  diameter. — See  the  Chapter  on 
Illuminating  Power  — and  the  comparative  bright- 
ness of  the  Pencil  of  rays  from  Achromatics  and 
from  Reflectors. 

The  hole  in  the  large  mirror  of  the  Gregorian  telescope, 
when  the  diameter  of  the  metal  does  not  exceed  three 
inches  at  least,  is  so  great  a deduction,  in  proportion 
to  its  aperture,  that  it  is  not  fair  to  compare  the 
respective  Illuminating  powers  of  Reflectors  and  Re- 
fractors, with  a metal  of  less  size. 

For  Gregorian  telescopes  under  this  size,  an  Eye- 
tube  containing  only  one  eye-glass  has  been  recom- 
mended, from  its  transmitting  more  light.  Dr.  Her- 
schel,  in  one  of  his  observations,  speaks  of  the 
decided  superiority  of  the  single  Py e-Glass,  when 
applied  to  his  Newtonian.  — See  the  Chapter  on 
Galileans  and  on  single  Concave  and  Convex  Eye- 
glasses: and  Phil.  Trans,  vol.  Ixxii.  p.  95. 

Reflectors  of  Newton’s  construction  are  considered 
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to  be  decidedly  more  brilliant  than  Gregory’s,  be- 
cause more  light  is  reflected  by  the  Plane*  small 
speculum  of  the  Newtonian,  than  by  the  Concave 
small  speculum  of  the  Gregorian; — and  in  the  New- 
tonian, all  the  Magnifying  powers  being  produced  by 
changing  the  Eye-pieces,  may  easily  be  made  equally 
good,  and  admit  of  the  application  of  almost  an  end- 
less variety  of  Eye-glasses. 

Another  great  advantage  of  the  Newtonian  Tele- 
scope is  that  its  Eye-pieces  are  unencumbered  with 
Eye-holes — and  all  kinds  of  single  and  compound 
Eye-tubes  may  be  applied  thereto,  and  it  affords 
an  opportunity  of  proving  the  peculiar  properties  and 
powers  of  every  kind  of  lens. 

The  Makers  of  Gregorian  or  Cassegranian 
Telescopes,  say  that  those  instruments  cannot  be 
made  equally  perfect  with  the  extremely  LOW  and  ex- 
tremely HIGH  poioers,  if  the  change  of  magnifying  is 
produced  by  changing  the  small  Specula — which  are 
seldom  equally  good. 

I have  heard  the  superiority  of  Short’s  Re- 
flectors attributed  to  the  patient  industry  with 
which  he  worked  his  Large  metals,  and  the  very 
great  care  he  bestowed  in  adapting  the  Small  spe- 

* Tliis,  I am  told,  is  a most  difficult  thing  to  obtain  ; and  most 
of  those  that  pass  for  planes,  are  in  fact,  either  Concaves  or  Con- 
vexes  of  thirty  or  forty  feet  focus.  See  note  at  the  end  of  the 
5th  Chapter  on  Diagonal  Dye-tuhes. 
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culum  to  the  large  one  ; he  made  a great  many- 
small  specula  of  the  same  focus,  and  tried  them 
one  after  the  other,  till  he  made  a good  match. 

It  would  much  improve  these  instruments,  as  well 
as  render  them  more  convenient  for  use,  if  Eye-pieces 
were  employed  as  in  the  Newtonian,  (see  an  Account 
of  the  Three  or  Four  Feet  Gregorian  in  the  fol- 
lowing Chapter)  : still  the  Newtonian  would  be  su- 
perior for  astronomical  purposes,  from  the  greater 
quantity  of  light  it  reflects,  and  from  the  pleasant 
position  in  which  we  observe,  especially  for  viewing 
objects  in  high  altitudes,  when,  instead  of  almost 
dislocating  one’s  cervical  vertebrae — we  look  com- 
fortably straight  forwards. 

The  Newtonian  stand,  as  now  made,  with  Four 
Feet,  on  Castors,  (which  ingenious  piece  of  mecha- 
nism was  contrived  by  Dr.  Herschel,)  still  admits  of 
improvement,  by  being  placed  on  Three  feet,  two 
behind  on  Castors,  and  one  before  without  a Castor. 
I have  thus  altered  the  stand  of  my  Herschel  New- 
tonian, and  it  is  much  more  steady  than  when  it  had 
Four  feet,  — one  of  which  was  always  Dancing. — 
See  in  Chapter  VIII.  on  7 IVew^om'ans,  an  account 
of  Mr.  Newman’s  Improved  Stand. 
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GREGORIAN  REFLECTORS. 

The  smallest  Gregorian  Reflector  that  is  usually 
made,  is 

THE  1 foot; 

this  has  an  Aperture  of  2^  inches,  and  has  generally 
one  Eye-tube,  and  Two  small  Speculums  magnifying 
about  50  and  90  times. — Two  Eye-tubes  would  be 
much  better  than  Two  small  speculums — because  they 
are  easier  changed,  and  the  lower  power  may  then  serve 
for  a Finder  to  the  high  power ; I advise  this,  espe- 
cially if  the  Instrument  is  to  be  used  for  Astronomy  : 
for  I have  always  found  it  impossible  to  change  the 
Small  Specula  without  a light  to  shew  the  Eye  how 
to  direct  the  arm  to  the  groove,  which  carries  the 
small  metal,  and  the  light  puts  the  visual  organ  out 
of  tune  for  several  minutes. 

The  Vision  of  this  Telescope  is  superior  to  the  2 feet ' 
Achromatic,  which  has  an  aperture  of  inches,  but 
is  not  quite  equal  to  the  30  Inch  of  2 inches  aperture. 

the  18  INCH, 

with  an  aperture  of  3 inches,  is  superior  to  the  Re- 
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fractor  of  .30  inches  focus,  but  is  seldom  made ; the 
former  size  Reflector  being  preferred  by  those  who 
want  a Portable  Telescope  for  Day  purposes,  and  those 
who  wish  a more  effective  fixed  Instrument  choose 

THE  2 FEET, 

which  has  an  aperture  of  4 inches,  and  is  as 
powerful  a Telescope  as  our  atmosphere,  near  the 
Horizon,  will  generally  permit  us  to  use  for  Terrestrial 
purposes,  and  for  use  at  a Window,  is  the  Instrument 
to  be  generally  recommended — its  shortness  makes  it 
much  more  convenient  than  an  Achromatic,  which, 
of  equal  power,  must  have  an  aperture  of  2|  inches, 
and  be  of  44  inches  focus,  as  I have  stated  in  my 
Table  of  “ the  Comparative  Illuminating  Powers  of 
Achromatics  and  Gregorians.” — See  Chapter  XVII. 

I have  a Gregorian  Telescope  of  4 inches  aperture, 
and  15  inches  long,  made  by  Mr.  Watson,  which 
shews  the  Belts  of  Jupiter  and  the  Division  in 
Saturn’s  Bing,  as  well  as  I have  seen  these  objects 
m my  3|  Achromatic  of  2|  aperture. 

This  Gregorian  shews  Double  Stars  (see  Obs.  on 
Castor,  in  the  20th  Chapter,)  with  a sharply  defined 
disk,  like  little  Planets. 

The  Gregorian  of  4 inches  aperture  is  often  made 
of  19  in  length,  which  is  very  handy,  and  of  this 
length  it  may  be  made  as  perfect  as  of  24  inches  — 
but  as  the  Speculum  requires  more  care  in  figuring, 
for  such  shorter  instruments  the  Makers  charge  more 
money. 
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This  TelescojDe  has  usually  Two  Huygenian  Eye- 
tubes  and  Two  small  Speculums,  magnifying  60,  90, 
120, 180  times.  I would  recommend  the  addition  of 
an  Eye-tube  of  40  for  the  Moon,  and  another  to  mag- 
nify 130  times  with  the  lowest  small  Speculum — then 
there  will  be  no  occasion  to  change  the  small  metals 
for  terrestrial  purposes,  or  for  observing  Planets  — 
only  for  examining  Double  Stars,  which  require  the 
higher  magnifying  powers,  and  for  which  purpose 
it  will  very  well  bear  a power  of  250,  which  the  Eye- 
piece that  gives  the  power  of  130  to  the  largest 
Small  Speculum  will  give  to  the  Smaller  one. 

Each  of  the  Eye-tubes  of  a Gregorian  Telescope 
may  be  made  to  serve  the  purpose  of  producing 
Three  magnifying  powers — by  merely  having  addi- 
tional Eye-heads — and  using  the  First  Eye-glass 
alone — and  the  Second  Eye-glass  alone  which  will 
give  powers  of  similar  proportions  to  the  compound 
Eye-tube  as  those  mentioned  in  the  account  of  the  5 
feet  Achromatic,  in  Chapter  IV.  and  see  also  the 
word  Huygenian  Eye-piece  in  the  Index. 

This  Telescope  must  be  furnished  with  a Finder, 
which  should  be  a 1 foot  Achromatic,  with  an  erect 
Eye-tube  magnifying  10  times— as  it  will  be  useful 
for  Terrestrial  as  well  as  Celestial  purposes  — as  the 
vision  is  erect  in  the  Telescope,  it  ought  to  be  erect 
in  the  Finder  also. 

This  is  the  largest  Gregorian  that  can  be  used 
pleasantly  on  a simple  Pillar  and  claw  stand,  on 
which  it  must  be  nicely  balanced  when  the  Cover  of 
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the  Object-end  is  taken  off — but  this  Telescope  is 
much  steadier  when  mounted  with  Rack -work  in 
the  centre  of  its  gravity ; this  increases  the  ex- 
pense of  the  Instrument : however,  if  it  is  to  be 
used  for  Celestial  purposes,  it  will  be  money  wisely 
laid  out,  for  the  weight  of  the  Speculum  otherwise 
sometimes  overbalances  the  Object-end,  and  renders 
the  Instrument  veiy  unmanageable. 

THE  3 FEET, 

with  an  aperture  of  inches,  is  the  smallest-sized 
Gregorian  I would  recommend  for  Astronomical  pur- 
poses— especially  for  viewing  the  Belts  and  the  Divi- 
sion in  Saturn’s  Ring,  which  latter  is  not  well  seen 
with  a less  Speculum, — but  I advise  the  Philosopher 
who  can  prudently  spare  £42,  to  stretch  his  purse- 
strings a little  wider,  and  give  £105  for 

THE  3 OR  4 FEET  LARGE  GREGORIAN, 

With  an  aperture  of  7 inches — these,  are  now  mounted 
on  excellent  Rack-work,  and  have  a portable,  fold- 
ing, but  very  steady  tripod  Stand,  which  renders 
them  extremely  convenient  to  use  both  for  Celestial 
and  for  Day  purposes ; and  they  shew  the  features 
of  Jupiter  and  Saturn  in  a very  satisfactory  man- 
ner; and  when  perfectly  good,  they  are  very  little 
inferior,  for  observing  Planets,  to  the  7 feet  New- 
tonians : I think  that  they  are  not  quite  so  light  as 
Newtonians  of  the  same  aperture. 


120 


GREGORIAN  REFLECTORS, 


This  Instrument  should  have  five  Eye-tubes  and 
at  least  two  small  metals. 


Lowest 
Small  Metal. 

Deepest 
Small  Metal. 

Longest  Eye-tube 

45 

90 

2d, 

80 

160 

3d,... 

130 

260 

4th,  

180 

360 

5th,  

250 

500 

For  the  application  of  these  Powers,  see  Chap- 
ter VIII.  on  the  1 feet  Newto?iian. 

Gregorian  Telescopes  are  more  easily  managed 
by  Persons  not  used  to  Telescopes  than  Newt07iians, 
except  for  observing  those  Celestial  objects  which 
are  very  near  to  the  Zenith. 

A Nine  Inch  Speculum  may  be  worked  of  27 
inches  focus  (I  have  a Gregorian  of  that  size),  and 
supported  on  two  arms  in  the  centre  of  Gravity,  and 
fixed  on  a Block — so  as  to  be  as  portable  as  a 7 inch 
Speculum. — This  might  be  done  for  about  £150. 

For  the  Comparative  Powers  of  Reflecting  and 
Achromatic  Telescopes,  see  the  Table  in  the  last 
pages  of  Chapter  XVII.  on  Illuminating  Potuer. 


CHAPTER  VIII. 


OF  THE  7 FEET  NEWTONIAN  REFLECTOR. 

The  attention  of  Astronomers  has  been  so  extremely 
excited  by  the  extraordinary  accounts  which  Sir  W. 
Herschel  has  given,  in  various  Numbers  of  the  Phil. 
Trans.,  of  the  astonishing  performance  of  his  7 feet 
Newtonian,  of  inches  aperture,  that  this  Essay 
on  Telescopes  would  be  incomplete,  unless  it  con- 
tained some  Obseiwations  made  with  a Newtonian  of 
that  length  and  aperture  : — at  the  sale  of  Mr.  Hodg- 
son’s Instruments,  one  of  Sir  W.  Herschel’ s own  7 feet 
Telescopes  came  into  the  market,,  which  I purchased 
of  Mr.  Jones,  Optician,  in  Holborn,  who  bought  it  at 
Mr.  Hodgson’s  sale,  at  Mr.  Sotheby’s  Auction 
Rooms,  Waterloo  Street,  Strand. 

Sir  W.  H.  very  justly  remarks,  that  “ The  New- 
tonian, as  usually  constructed,  is  admirably  adapted, 
for  observation,  for  the  Observer  always  stands  erect, 
and  looks  in  an  horizontal  direction,  though  the  Tele- 
scope should  be  in  a vertical  position,  and  elevated 
to  the  very  Zenith.” 

The  Position  in  which  it  was  placed  by  this  inge- 
nious Astronomer  is  perhaps  still  more  natural  and 
convenient. 

My  Eye-glass  is  mounted  on  that  side  of  an 
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octagon  tube,  which,  in  the  horizontal  position  of  the 
Instrument,  makes  an  angle  of  45°  with  the  vertical — 
having  found  by  experience  that  this  position,  re- 
sembling the  situation  of  a reading  desk,  is  prefer- 
able to  the  perpendicular  one  commonly  used  in  the 
Newtonian  construction,  which  has  the  capital  ad- 
vantage of  rendering  observations  equally  commo- 
dious in  all  altitudes ; and  you  may  therefore  place 
the  Instrument  in  the  meridian,  and  view  the  Stars 
in  their  most  favourable  position.” — See  Phil.  Trans. 
for  1786,  vol.  Ixxv.  pp.  457  and  8. 

I have  no  hesitation  in  declaring,  that  in  the  un- 
pleasant (and  if  long  continued,  painful)  Position 
required  in  observing  Celestial  objects  in  high  alti- 
tudes, with  any  other.  Telescope — that  no  Half  Dozen 
Observers,  even  if  . as  Experienced,  and  as  Expert, 
and  as  Industrious  as  the  Immortal  Herschel 
himself,  could  have  performed  what  that  inde- 
fatigable Observer  achieved  Single-handed  with  his 
7 Feet  Newtonian. 

The  7 Feet  Newtonian  mentioned  in  the  preced- 
ing  page  was  made  by  Sir  W.  H.  expressly  for 
Mr.  Hodgson,  who  had  at  that  time  several  very 
fine  Telescopes  (see  the  end  of  the  Chapter  on  Casse- 
granians),  and  therefore  it  may  be  presumed  that 
every  pains  was  taken  by  Sir  W^.  H.  to  make  this  / 
feet  worthy  of  being  compared  with  Mr.  H.’s  other 
Instruments. 

This  Newtonian  is  fitted  up  with  One  Compound 
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Eye-tube  composed  of  2 double  Convexes  — which 
magnifies  75  times,  the  field  of  which  just  holds 
the  full  Moon  — and  8 other  Eye-pieces,  each  of 
which  consist  of  a single  double  Convex  lens,  not 
burnished  into  a cell  as  Eye-glasses  usually  are, 
but  simply  laid  in  a cell  and  the  Eye-head  screwed 
over  them,  like  as  the  Object-Glasses  of  Microscopes 
are  fixed — and  by  Ramsden’s  Dynameter  the  powers 
of  the  5 first  lenses  are  94,  157,  197,  242,  350. 

The  Three  higher  Lenses  are  only  useful  as  evi- 
dences that  Magnifying  power  beyond  a certain 
boundary,  does  more  harm  than  good. 

Mr.  Hodgson  several  times  told  me  that  he  re- 
quested Sir  Wm.  H.  to  let  him  have  exactly  the 
same  Instrument  in  every  respect  as  the  7 feet, 
which  was  Sir  Wm.  H.’s  favourite  working  tool  — 
and  fitted  on  the  same  sort  of  Stand,  and  with 
exactly  the  same  apparatus  and  Magnifying  powers, 
&c.;  but  Mr.  Hodgson  complained  to  me,  that 
the  deepest  Lens  which  Sir  W.  H.  had  given  him, 
was  no  shorter  than  the  40th  of  an  inch  focus,  and 
consequently  did  not  magnify  much  more  than 
Thkee  Thousand  Times!  and  that  Sir  W.  H.  had 
forgotten  to  send  him  the  power  of  6450 ! 

Once  for  all,  I will  remark,  that  people  are  under 
a strange  delusion  about  this  power  of  6450.  Sir 
W.  H.  only  mentions  having  used  it  twice  in  the 
whole  course  of  his  writings,  which  is  at  a Lyrw 
and  at  y Leortis. — See  Chapter  XX.  on  Double  Stars. 
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Both  these  Stars  I have  observed  with  my  7 feet 
Herschel  Newtonian  with  lenses  of  the 
and  -jVfh,  of  an  inch  focus,  and  I must  confess  that 
all  the  Eyes  that  have  looked  through  that  Instru- 
ment have  agreed  with  my  Eye,  that  a lens  of 
of  an  inch  focus,  which  gives  a power  of  840  times, 
is  twice  as  much  as  is  needful  for  real  use — that  is  to 
say,  they  are  seen  more  distinctly  and  are  more 
sharply  defined  with  420. 

This  Newtonian  of  Sir  Wm.  Herschel’s  has  been 
tried  by  several  practical  Opticians,  and  they  pro- 
nounce it  to  be  a very  good  Instrument — and  after 
repeated  comparisons  and  trials  of  its  various  powers 
on  various  objects,  I think  that  it  is. 

If  I was  to  order  a Telescope  for  Astronomical  pur- 
poses, for  my  own  use,  I would  have  a Newtonian,  of 
neither  more  nor  less  than  7 feet  focus,  and  7 inches, 
or,  if  I could  get  an  Optician  to  work  it,  of  9 inches 
aperture. 

Among  other  advantages  which  the  Newtonian 
possesses,  is  the  greater  facility  of  applying  all  kinds 
of  powers  and  Eye-pieces  to  it  than  we  have  with 
other  Reflectors. — A Single  Convex — or  Concave 
Lens  may  be  applied  to  a Newtonian  without  any 
apparatus  of  Eye-hole,  &c. 

The  various  advantages  of  Newtonian  Telescopes, 
for  Celestial  purposes,  are  stated  in  various  pages  in 
this  work  — where  I wrote  them  down  as  the  facts 
struck  my  mind  at  the  moment  that  I first  observed 
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them — in  Chapter  VI.,  on  Reflecting  Telescopes  — 
XVII.,  on  Illuminating  Potoev—V on  Concave  and 
Convex  Lenses — IX,,  on  Cassegranian  Telescopes — and 
XIX.,  on  Saturn — and  see  Sir  I.  Neioton’s  Account 
thereof,  and  Mr.  Hadley's. — I once  thought  of  collect- 
ing the  several  Observations  under  this  head, — but 
that  would  have  cost  me  much  time ; however,  I would 
not  have  minded  that,  if  I had  been  quite  sure  that 
such  a sacrifice  of  my  own  time  would  have  ultimately 
saved  much  to  those  who  need  such  information — but 
persons  who  really  wish  to  thoroughly  comprehend  the 
real  and  relative  powers  of  Telescopes,  must  carefully 
read  the  whole  of  this  little  Book  over  and  over 
again,  if  they  wish  to  be  entirely  Master  of  the  intri- 
cate subjects  which  I have  endeavoured  to  explain, — 
not  but  that  I have  taken  the  utmost  pains  to  write 
down  my  ideas  in  as  plain  terms  as  possible,  but  that 
there  is  such  a multitude  of  strange  prejudices,  and 
such  numberless  Vulgar  Errors  afloat  on  Optical  sub- 
jects,— that  only  a continued  concatenation  of  reason- 
ing will  thoroughly  convince  and  set  the  mind  at  rest 
about  them. 

The  Tubes  oj  Sir  Jim.  HerscheVs  7 feet  lS[eiotonia)i 
lelescopes  were  made  of  Mahogany : — however  well- 
seasoned  the  W ood  may  be,  still  it  is  so  easily,  and  so 
much,  and  so  continually  affected  by  any  change  of 
the  Temperature  of  the  Air,  that  to  perform  perfectly, 
the  Instrument  must  be  adjusted  almost  every  time  it 
is  used — and  therefore  Persons  using  such  Telescopes 
must  learn  how  to  adjust  them  accurately,  or  they 


126 


NEWTONIAN  REFI.ECTOll. 


will  be  of  very  little  use  : — to  prove  the  variation  of 
adjustment — if  you  adjust  the  Finder  to  the  Tele- 
scope in  the  Morning  so  exactly  that  when  an  object 
appears  in  the  centre  of  the  Telescope  it  is  exactly 
in  the  centre  of  the  Finder ; you  will  rarely  find  when 
you  examine  it  at  night,  that  they  exactly  coiTe- 
spond : I suspect  that  this  deviation  sometimes 
arises  from  the  change  in  the  position  of  the  Spe- 
cula from  the  change  in  the  Tube.  Sir  W.  H.  was  so 
conscious  of  this  that  his  large  metals  are  adjusted 
by  Two  Screws : — there  should  be  Three. 

By  Sir  W.  H.’s  mode  of  fixing  the  Large  Speculum, 
it  cannot  be  taken  out  of  the  Tube  without  entirely 
destroying  the  adjustment  of  it — therefore  Sir  W.  H. 
fitted  a Brass  Cover  to  it,  which  is  put  over  it  while 
it  is  in  the  Tube,  to  prevent  the  damp  from  tarnish- 
ing it  j and  as  the  Box  which  holds  the  Large  Metal 
is  not  secured  by  a Third  Screw,  eveiy  time  you 
take  off  the  Brass  cap  which  covers  the  Large  Spe- 
culum you  unavoidably  alter  the  adjustment  of  it : 
the  Metal  is  not  only  loose  in  the  Box — but  the  Box 
being  fastened  by  only  Tioo  Screws — both  the  Metal 
and  the  Box  are  continually  varying  in  their 
position. 

I was  surprised  to  find,  that  after  I had  adjusted 
my  7 feet  Herschel  Telescope  in  the  Daytime,  and 
that  when  laying  horizontally  it  was  extremely  dis- 
tinct, and  the  metals  appeared  quite  in  their  proper 
place,  and  the  centre  of  the  field  of  the  Telescope 
and  that  of  the  Finder  perfectly  corresponded, — that 
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the  same  evening,  on  looking  at  a Celestial  Ob- 
ject, w^hen  elevated  about  35  degrees,  the  centre  of 
the  Finder  and  that  of  the  Telescope  varied  very 
much,  and  the  pencil  of  rays,  instead  of  appearing 
perfectly  round,  as  it  did  in  the  daytime  — was  of 
the  same  shape  that  the  Moon  is  about  2 or  3 days 
before  it  is  full,  and  the  Small  Metal  was  removed 
considerably  from  the  centre  of  the  Large  one  : ac- 
cordingly, the  first  fine  Moonlight  Night  I adjusted 
the  Large  Metal  (by  turning  the  screws  at  the  back 
thereof)  when  the  Telescope  was  elevated  to  about 
35  degrees  — it  then  performed  on  several  Celestial 
Objects  quite  beautifully. 

“ Mr.  Hadley  supported  the  great  Speculum  of 
his  Telescope  at  the  back,  not  by  Springs,  but  by 
Three  Screws,  directly  answering  to  the  Three  bear- 
ings on  the  Fore  Part.”  — See  the  Appendix  to  the 
Nautical  Almanack  for  1787,  page  60. 

Telescopes  in  Bj-ass  or  Iron  Tubes  are  not  so 
liable  to  these  variations,  and  I recommend  a Brass 
or  Iron  tube  where  fine  vision  is  desired,  also  because 
the  Metals  do  not  require  to  be  continually  covered 
up,  which  they  must  be  in  Mahogany  Tubes  — or 
they  will  vei’y  speedily  be  destroyed  by  Tarnish. 

You  will  find  it  convenient  on  first  looking  through 
a Newtoniair  Telescope  to  use  the  lowest  power  — 
that  is,  the  Moon  Eye-piece,  which  is  generally  an 
Huygenian  Eye-tube  magnifying  about  50  times — 
which  having  a large  field,  you  may  easily  find  an 
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object  with  it — ‘and  then  set  your  Finder  right,  or 
rather,  turn  the  adjusting  Screws  at  the  back  of  the 
large  Speculum  till  "the  Telescope  is  right  with  the 
Finder,  which  thus  serves  as  a criterion  of  the 
proper  adjustment  of  the  Telescope: — but  if  the 
deviation  in  its  adjustment  be  considerable,  desire 
the  maker  of  the  Telescope  to  examine  it,  and  see  if 
there  be  not  some  defect  in  the  construction  of  it  ' 
which  is  remediable. 

To  examine  the  Adjustment  of  a Newtonian  Telescope, 
and  how  to  rectify  it. 

Take  out  the  Eye-piece — leave  in  the  lengthening 
piece — and  screw  into  that  your  lowest  Huygenian 
Eye-tube,  out  of  which  you  have  taken  both  Glasses, 
and  left  in  the  Eye-hole ; look  through  this,  and  if 
the  Metals  are  in  adjustment — you  will  see  the  image 
of  the  Small  Speculum  exactly  in  the  centre  of  the 
Large  one  — and  you  will  see  just  the  edge  of  the  i 
tube  at, equal  distances  around  the  Large  Metal: 
when  this  is  not  so,  while  you  are  looking  in  at  the 
Eye-hole,  let  another  Person  veiy  gradually  turn  the 
adjusting  screws  at  the  back  of  the  Large  Metal,  till 
it  comes  right,  which  you  will  find  you  will  soon 
learn  to  make  it,  with  very  little  time  or  trouble. 

Dr.  Herschel  informs  us  that  he  found  by  ex- 
periment that  “ it  was  impossible  to  apply  Springs  to 
a Large  Speculum  of  more  than  5 inches  diameter, 
because  if  they  were  not  veiy  stiff  they  would  yield 
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to  the  weight  of  the  Speculum  in  high  altitudes,  and 
so  alter  the  adjustment ; and  if  they  were  made  very 
stiff,  that  they  spoilt  the  figure  of  the  Speculum.” — 
See  p.  60  of  the  Appendix  to  the  Nautical  Almanack 
for  1787. 

Dr.  H.  put' his  larger  Specula  into  a Brass  Box, 
leaving  a certain  quantity  of  space  for  their  occa- 
sional expansion.  Mr.  Tulle y informed  me,  that  he 
thinks  that  the  Dr.  sometimes  allowed  too  much 
room  for  their  play  in  this  Box,  and  that  that  is  the 
cause,  why  his  metal,  when  in  adjustment  for  an 
horizontal  position,  sometimes,  is  not  in  adjustment 
when  elevated  to  different  heights. 

Mr.  T.  had  one  of  Dr.  H.’s  7 feet  Newtonians 
brought  to  him  to  make  it  fit  close  in  its  Box,  and 
by  so  doing  he  thought  the  vision  of  the  Instrument 
was  improved,  and  uniform  in  various  temperatures 
and  at  various  degrees  of  elevation  — however,  from 
some  cause,  the  Telescope  was  sent  again  to  Dr.  H., 
and  when  returned  from  him  to  the  proprietor  of  it 
the  Dr.  had  again  altered  the  Box  containing  the 
large  metal,  and  given  it  its  former  quantity  of  play. 

Mr.  Tulley  informed  me,  that  , by  his  method  of 
boxing  and  adjusting  his  large  metals,  that  when 
once  in  adjustment,  they  remain  so  ; and  may  also 
be  taken  out  of  the  Tube  and  returned  thereto,  with- 
out any  danger  of  deranging  their  position. 

Much  has  been  said  pro  and  con  the  respective 
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advantages  of  supporting  Specula  with  Springs  and 
with  Screws. 

Mr.  Watson  and  Messrs.  Tulley,  in  the  Grego- 
rian Telescopes  of  7 inches  aperture,  always  apply 
brass  springs,  as  decidedly  preferable  to  screws;  if 
such  Springs  are  best  in  Gregorians  of  that  aperture, 
they  must  be  best  in  Newtonians; — for  the  New- 
tonian metals  are  very  little  heavier  than  the  Grego- 
rians are. 

Springs  may  by  their  elasticity  admit  of  that 
self-adjustment  of  the  Speculum  in  various  Tem- 
peratures, which  is  only  accurately  obtainable  with 
Screws,  by  altering  them  as  often  as  the  Ther- 
mometer alters,  which  may  explain  the  cause  why 
Mr.  Mosely,  in  his  Letter  to  Mr.  Tulley,  (see 
page  145)  complains  that  his  7 feet  Newtonian  will 
not  act  in  cold  weather — i.  e.  if  his  metal  is  supported 
by  Three  Screws  which  were  adjusted  in  warm 
weather. 

An  experienced  Amateur  of  Telescopes  observed  to 
me,  that  perhaps  the  Speculum  of  a Reflector  was 
never  of  perfect  figure  except  when  the  Air  was  of 
exactly  the  same  Temperature  as  it  was  at  the  time 
it  was  worked — this  idea  very  satisfactorily  accounts 
for  Reflectors  performing  best  in  warm  weather — 
because  large  Metals  are  never  worked  but  in  warm  j 
weather,  i.  e.  above  60  of  Fahrenheit. 

Springs  have  been  applied  to  the  Strings  of  Piano 
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Fortes  in  order  to  preserve  them  in  tune,  and  I have 
heard  with  very  good  effect. 

The  large  Speculum  of  a Newtonian  is  geneiatly 
a little  heavier  than  that  of  a Gregorian  — because 
being  cast  in  the  same  mould,  and  more  of  the  face 
of  the  metal  being  worked  off  in  forming  the  deep 
cui’ve  required  in  Gregorian  Metals,  than  it  is  in  the 
shallow  one  of  Newtonians  — and  the  hole  in  Grego- 
rians  is  larger  than  it  is  in  the  Newtonian  ; — however, 
all  this  is  written  here  merely  to  shew  the  ReMer 
that  the  Writer  has  considered  these  subjects  with 
minute  attention;  the  difference  in  weight  is  of  no 
consequence  at  all. 

The  Tremors  which  old  authors  talk  off — must 
have  been  occasioned  by  some  other  cause  than  that 
alleged,  the  Springs  which  supported  the  large  MetaL 

It  has  been  supposed,  that  the  superior  Illuminating 
power  of  Sir  Win.  Herschel’s  telescopes  of  the  New- 
tonian form,  beyond  Gregorian  Reflectors,  arises 
partly,  from  there  being  no  hole  in  the  middle  of  the 
large  metal : — but  that  portion  of  the  metal  which  is 
perforated  in  the  Gregorian,  is  obscured  in  the  New- 
tonian by  the  Plane  Small  Metal,  which  is  almost  as 
great  an  obstacle  as  the  Concave  Small  Speculum  of 
a Gregorian. 

That  excellent  Workman,  Mr.  Watson,  informed 
me,  that  he  preferred  to  make  a Newtonian  large 
metal  with  a small  hole,  because  it  was  much  more 
handy  to  work,  and  also  that  the  metals  can  thereby 
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be  much  more  easily  and  accurately  adjusted  to  each 
other,  which  gives  those  that  are  thus  perforated  j 
a chance  of  being  much  better  Telescopes  ; and  that  ; 
part  of  the  metal  where  the  hole  is,  being  hidden  i 
by  the  plane  Speculum,  they  are  quite  as  light  as 
those  which  are  not  perforated. 

Mr.  Watson’s  plan  of  fixing  the  large  Speculum 
of  a Newtonian  telescope  is  to  put  it  into  a Brass 
Box,  in  the  front  of  which  are  three  Stops,  and  * 
behind  the  metal  are  three  brass  springs  directly  op- 
posite to  the  three  stops,  to  keep  the  metal  up  to 
them  — if  these  Springs  are  not  placed  directly 
opposite  to  the  Bearings  in  front,  they  will  spoil  the 
figure  of  the  metal.  The  rim  of  this  Box  bears 
against  Three  stops  in  the  Tube,  which  are  adjust- 
able, and  when  once  adjusted  remain  so  — this  Box 
with  the  Metal  in  it  is  placed  in  the  Tube  against 
these  three  stops,  and  is  kept  there  by  a tail-piece 
which  has  three  springs  — which  keep  the  Box  close 
up  to  the  three  Stops  in  the  Tube, — to  ascertain  that 
they  are  im  the  right  place,  take  out  the  metal,  screw 
in  the  front  plate,  and  look  in  at  the  Object-end. 

I mention  this  method  of  supporting  the  large 
metal  because  I had  a 7 feet  Newtonian  so  con- 
structed by  Mr.  Watson — which  defined  a fixed  star 
very  neatly,  and  performed  better  than  any  of  those 
I have  seen  which  had  the  adjustment,  &,c.  by 
Screws.  Moreover,  by  this  plan,  the  large  metal  is 
as  easily  taken  in  and  out  as  an  Eye-tube — therefore. 
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instead  of  being  either  obliged  to  leave  your  large 
Speculum  in  a damp  Tube  in  a damp  Observatory — 
or  have  the  trouble  of  adjusting  it  every  time  you 
take  it  out  of  the  Tube  — you  may  take  it  out  with 
the  utmost  ease,  and  put  it  in  its  dry  tin  box  in  a 
dry  place  ; and  by  so  doing,  you  have  an  opportunity 
of  observing  if  it  gets  tarnished,  and  of  wiping  it  off, 
which  can  be  done  easily  at  first  by  breathing  upon  it, 
and  as  the  breath  is  going  off  rubbing  it  with  a bit 
of  clean  lamb’s-skin — but  with  difficulty  after  it  has 
been  on  a little  time. 

It  appears  by  the  following  statement  of  Mr. 
Edwards,  that  a very  trifling  degree  of  pressure 
will  prevent  the  proper  action  of  the  great  Metal. 

I can  at  any  time  totally  spoil  the  figure  of  a 
metal  by  wedging  it  only  with  the  thickness  of  a 
bit  of  common  writing-paper.  Dr.  Smyth  says,  that 
One  thousandth  of  an  Inch  will  spoil  its  figure.  I am 
sure  also,  that  that  quantity,  if  not  less,  will  injure  it. 
If  the  metal  was  made  to  rest  at  Two  Points,  each 
of  which  is  45°  from  the  bottom  and  90°  from  each 
other,  I think  the  Figure  would  not  be  injured  at 
all.  I do  not  see  that  the  Thickness  of  the  Metal  is 
of  any  Service  to  prevent  this  small  Degree  of  Bend- 
ing,  for  I never  yet  saw  a large  Metal  whose  Figure 
I could  not  spoil  with  an  exceeding  small  Pressure 
at  its  Back.  Nor  do  I approve  of  Three  Screws  at 
the  Back  to  bear  against  the  Metal,  as  I altered  my 
own  small  Telescope  to  that  Plan,  and  I never  could 
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make  the  Screws  bear  equally  alike,  but  they  would 
bear  harder  against  one  Place  than  another,  and  so 
spoil  the  Figure.  I think  they  had  best  be  fastened 
by  Three  small  Screws  passing  through  the ‘Tube 
perpendicular  to  the  Axis,  and  of  such  a Thickness 
as  for  their  Sides  to  touch  the  Back  of  the  Mirror 
barely  without  any  Shake.  By  removing  the  Brass 
back  (viz.  the  Brass  into  which  the  Eye-piece  is 
screwed),  you  may  see  the  Screws  bear  Sideways 
against  the  Mirror  in  Three  Places,  and  may  file 
away  the  Sides  of  the  Screws  so  as  to  make  them 
just  touch  the  Mirror,  but  not  much  more.”  — 
Appendix  to  the  Nautical  Almanack  for  1787, 
p.  54. 

A PAPER  (from  p.  173  of  the  Phil.  Trans,  for  1/82) 

TO  OBVIATE  SOME  DOUBTS  CONCERNING  THE 

GREAT  MAGNIFYING  POWERS  USED  BY  MR. 

HERSCHEL,  F.R.S.  ADDRESSED  TO  SIR  JOSEPH 

BANKS. 

“ Sir,  I have  the  honour  of  laying  before  you  the 
result  of  a set  of  measures  I have  taken  in  order  to 
ascertain  once  more  the  powers  of  my  Netvtoman 
7 feet  Reflector.  The  method  I have  formerly  used, 
and  which  I still  prefer  to  that  which  I have  now 
been  obliged  to  practise,  requires  very  fine  weather 
and  a strong  sunshiny  day  ; but  my  impatience  to 
answer  the  requests  of  Sir  Joseph  Banks  would  not 
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permit  me  to  wait  for  so  precarious  an  opportunity 
at  this  season  of  the  year.  The  difference  in  all  the 
powers,  as  far  as  2010,  will  be  found  to  be  in  favour 
of  those  I have  mentioned ; and,  I believe,  a much 
greater  concurrence  could  not  be  well  expected, 
where  different  methods  of  ascertainino;  them  are 
used.  The  variation  in  the  two  highest  powers  is 
more  considerable  than  I was  aware  of ; but  still  may 
be  shewn  to  be  a necessary  consequence  of  the  dif- 
ference in  the  methods.  However,  if,  on  comparing 
together  the  methods,  it  should  be  thought  that  the 
power  5786  is  nearer  the  truth  than  6450,  I shall 
readily  join  to  correct  that  number. 

“ The  manner  in  ivhich  I have  noio  determined  the 
Powers  is  as  follows  : I took  one  of  the  eye  lenses 
which  magnifies  least,  and  measured  its  solar  focus 
by  the  sun’s  rays  as  exactly  as  I could  five  times, 
which  proved  to  be  1.01,  1.04,  1.09,  1.01,  1.05,  in 
half-inch  measure,  a mean  of  which  is  1.04.  The 
sidereal  focus  of  my  7 feet  speculum  is  170.4  in  the 
same  measure.  Thence,  dividing  170.4  by  1.04,  we 
find  that  the  telescope  will  magnify  163.8  times 
when  that  lens  is  used.  This  power  being  found,  I 
applied  the  same  lens  as  a single  microscope  to  view 
with  it  a certain  object,  which  was  a drawn  brass 
wire  fastened  so  as  not  to  turn  on  its  axis  or  change 
its  position ; for  these  wires  are  seldom  perfectly 
round,  or  of  an  even  size,  and  it  is  therefore  neces- 


V 


136  NEWTONIAN  REFI.ECTOR. 


sary  to  use  this  caution  to  prevent  en-ors  : then,  with 
a fine  pair  of  compasses,  I took  four  independent 
measures  of  the  image  of  the  brass  wire,  which  was 
thrown  on  a sheet  of  paper  exactly  inches  from 
the  lens,  the  eye  being  always  as  close  to  the  lens  as 
possible.  I viewed  the  same  wire,  exactly  in  the 
same  manner,  with  eveiy  one  of  the  lenses,  and 
measured  the  pictures  on  the  paper.  When  I came 
to  the  higher  powers,  the  wire  was  exchanged  for 
another,  4.37  times  thinner  than  the  former,  as  de- 
termined by  comparing  the  proportion  of  their  images 
54  to  235|,  taken  by  the  same  lens. 

“When  the  images  of  these  wires  are  obtained,  the 
power  of  the  telescope,  with  every  one  of  the  lenses, 
becomes  known  by  one  plain  analogy:  viz,  as  the 
image  of  the  wire  by  the  first  lens  (77|)  is  to  the 
power  it  gives  to  the  telescope  (163.8),  so  is  the 
image  of  the  wire  by  the  second  lens  (119), 
to  the  power  it  will  give  to  the  same  telescope 
(250.7).  The  particulars  of  all  the  measures  are  as 
follow  : 


Powers  as  they  Images  of  a wire  thrown 
have  been  called  on  a pajier  in  hundredths 
in  my  papers.  of  half-mches. 


146 

227 

278 


77..  78..  78..  78.. 

119. . 119. .119. .119. . 
143.  .143. .144.  .143. . 

236. . 236. .235. .236. . 
Smaller  wire. 

53. . 54. . 55. . 54. . 

83. . 85. . 84. . 85. . 


A mean  of  Powers  as  they 

the  four  come  out  by 

tneasures.  tills  method. 


77J  . . 

..163.86  = 

119 

. .250.7 

143-J  ... 

. .301.8 

235q 

i ■ ■ 

. .496.7 

54  ) 

84  i , . 

..775.1 

754 
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Powers  as  they  Images  of  a wire  thrown 

have  been  callM  on  a paper  in  hundredths 
in  my  papers.  of  half-inches. 

A mean  of 
the  four 
measures. 

Powers  as  they 
come  out  by 
this  method. 

932 

. . 107. .107. .107. .108.  . . 

■107i  .. 

.986.7 

1159 

..  128. .128. .129. .128... 

■128i  .. 

.1179.9 

1536 

. . An  excellent  lens,  lost  about  8 months  before. 

2010 

..  236. .236. .238. .236. . . 

.2361  .. 

.2175.8 

3168 

..  281.. 283.. 281.. 280... 

.281i  .. 

.2585.5 

6450 

. . 635. .625. .630. .626. . 

.629 

.5786.8* 

“ I beg  leave,  Sir,  now  to  give  a short  description  of 
the  method  I have  formerly  used  to  determine  these 
powers.  In  the  year  1776,  I erected  a mark  of 
white  paper,  exactly  half  an  inch  in  diameter,  which 
I viewed  with  my  telescope  at  the  greatest  con- 
venient distance  with  one  of  the  least  magnifiers. 
An  assistant  was  placed  at  right  angles  in  a field,  at 

* Opticians  have  a scale  with  which  they  can  easily  and 
accurately  ascertain  the  focal  length  of  a lens  to  the  .^^th 
of  an  inch.  The  focal  length  being  known,  you  have  only  to 
multiply  the  focal  length  of  the  Object-Metal  or  Object-Glass,  by 
the  focal  length  of  the  Eye-Glass,  and  you  have  the  magnifying 
power,  without  a possibility  of  error : thus,  to  make  a Newtonian 
of  84  inches  focus  magnify  upwards  of  6,400  times,  requires 
an  Eye-Glass  of  less  than  the  75th  of  an  inch  focus.  For 
example  — 

84  focus  of  Object-Metal. 

75  focus  of  Eye-Gla.ss. 

420 

588 

6300  magnifying  power. 

The  above  Note  is  by  W.  K. 
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the  same  distance  from  my  eye  as  the  object  from  • 

the  great  speculum  of  the  telescope.  On  a pole  i 

erected  there  I viewed  the  magnified  image  of  the 
half  inch,  and  the  assistant  marked  it  by  my  direc- 
tion; this  being  measured,  gave  the  power  of  the 
instrument  at  once.  The  power  thus  obtained  was 
corrected  by  theory,  to  reduce  it  to  what  it  would  be 
on  infinitely  distant  objects.  The  powers  of  the  rest 
of  the  lenses  I deduced  from  this,  by  a camera  eye- 
piece, which  I made  for  that  pui-pose.  a b c n 
(fig.  17,  pi,  3)  represents  a perpendicular  section  of 
it.  The  end  a screws  into  the  telescope.  On  the 
end  B may  be  screwed  any  of  the  common  single 
lens  eye-pieces.  1 m n is  a small  oval  plane  spe- 
culum, adjusted  to  angle  of  45°  by  three  screws,  two 
of  which  appear  at  o p.  When  the  observer  looks 
in  at  B,  he  may  see  the  object  projected  on  a sheet 
of  paper  on  a table  placed  under  the  camera  j)iece, 
and  measure  its  picture  a b,  as  in  fig.  18.  The 
power  of  one  lens,  therefore,  being  known,  that  of 
the  rest  was  also  found  by  comparing  the  measures 
of  the  projected  images, 

“It  may  not  be  amiss  to  mention  some  of  the  ad- 
vantages and  inconveniences  attending  each  of  these 
methods.  When  we  take  the  focus  of  an  eye-lens, 
which  the  first  method  requires,  we  are  liable  to  a 
pretty  considerable  uncertainty,  and  in  very  small 
lenses  it  is  not  to  be  done  at  all.  Also,  in  calcu- 
lating the  power  by  that  focus,  no  account  is  made  of 
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the  aberration  which  takes  place  in  all  specula  and 
lenses,  and  increases  the  image,  so  that  we  rather 
find  out  how  much  the  telescope  should  magnify, 
than  how  much  it  really  does  magnify ; but  in  de- 
termining the  power  by  an  experiment  we  avoid 
these  difficulties.  On  the  other  hand,  when  the 
power  is  very  great,  the  latter  method  becomes  in- 
convenient, both  on  account  of  want  of  light  in  the 
object,  and  a very  considerable  aberration  which 
takes  place,  and  malces  the  picture  too  indistinct  to 
be  very  accurate  in  the  measure,  and  of  course  larger 
than  it  ought  to  be ; and  this  will  account  for  the 
excess  in  the  measures  of  my  two  largest  powers. 
However,  when  I employed  6450  on  the  diameter  of 
a L2/7'cs,  I incline  to  think  the  method  I had  used 
when  I determined  that  power,  ought  to  be  preferred, 
because  my  lamp-tnicrometer  gives  the  measure  of 
an  object  as  it  appears  in  the  telescope,  and  therefore 
this  aberration  is  included,  and  should  be  taken  into 
consideration. 

“ To  prevent  any  mistakes,  I wish  to  mention  again, 
that  I have  all  along  proceeded  experimentally  in  the 
\ise  of  my  powers,  and  that  I do  not  mean  to  say  I 
have  used  6450,  or  5786,  on  the  planets,  or  even  on 
double  stars ; every  power  I have  mentioned  is  to  be 
understood  as  having  been  used  just  as  it  is  related, 
but  further  inferences  ought  not  as  yet  to  be  drawn. 
For  instance,  my  observations  on  s Boot  is  mention 
that  I have  viewed  that  star  with  2010,  or  as  in  the 
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above  table  with  2175,  extremely  distinct;  but  on 
several  other  celestial  objects  I have  found  that 
power  of  no  service.” 

I shall  not  here  offer  one  single  Comment  on 
the  Great  Powers  which  Sir  W.  Herschel  mentions 
having  used  with  his  own  7 feet  Newtonian  of  6-j^ths 
Aperture — but  refer  the  Reader  to  the  preceding 
paper  thereon  : I shall  merely  state  what  Eye-pieces 
my  own  Eye  chooses  for  such  an  Instrument,  for  the 
various  Objects  that  it  is  usually  applied  to. 

1st.  a Power  of  15  or  20  for  Comets,  and  Nebula, 
Milky  Way,  &c. 

2d.  45  and  60  for  the  Moon.  Those  who 

have  not  seen  the  Moon  with  a Newtonian,, or 
a very  long  Achromatic  with  a large  aperture, 
may  be  said  not  to  have  seen  it  at  all — the 
vision  is  so  much  more  beautiful  for  it  in  this 
than  it  is  in  other  Telescopes — to  view  the  full 
Moon,  have  an  Aperture  of  4 inches  cut  in  the 
Cover  of  the  Object  end  of  the  Telescope,  which 
is  too  light  on  this  object  for  the  Eye  to  bear 
with  the  whole  aperture,  or  have  a light  Green 
Glass  to  fix  on  before  theEye-tube  : — this  con- 
tracted Aperture  or  Green  Glass  will  also  be 
useful  for  viewing  the  Sun,  and  Venus,  and  for 
comparing  this  Instrument  with  Achromatics 
and  other  Telescopes  — and  shewing  the  effect 
of  Illuminating  Power. 


NEWTONIAN  REFLECTOR. 


141 


3d.  a Power  of  80  iox  Jupitei'  and  his  Moons,  or  for 
shewing  a Planet  to  another  person,  as  it  has 
a very  large  field. — See  Chapter  XI. 

4th.  of  150  for  Jupiter  and  Saturn. 

5th.  200  Ditto,  very  pleasant  and  satis- 

factory. 

6th.  250  Ditto,  utmost  useful  power  for 

Planets. 

7th.  400  Double  Stars. 

By  increasing  Magnifying  Power  beyond  400, — I 
find  that  I only  increase  the  difficulty  of  using  my 
Telescope — with  a higher  power,  almost  every  Object 
which  1 have  examined  appears  less  distinct  instead 
of  being  better  defined.— See  Chapter  XIV.  on  Mag- 
nijijing  Potoers  and  Eye-pieces. 

I would  recommend  the  foregoing  Eye-tubes  to 
be  of  the  Huygenian  construction.  The  very  same 
Eye-tubes  which  make  my  3|  feet  Achromatic  mag- 
nify  80,  130,  and  180  — give  my  7 feet  Newtonian 
about  150,  250,  330. 

Sir  Wm.  H.  recommends,  for  observing  Saturn,  a 
Single  Convex  lens  magnifying  287  times  — I have 
tried  a single  Convex  of  280  at  Saturn,  but  with 
'that  power  the  features  of  the  planet  were  not  seen 
imore  plainly,  and  the  diminution  of  the  field  of  view, 
land  the  increased  rapidity  of  the  object  passing  it, 
'was  an  inconvenience;  250  is  quite  as  high  a power 
'.as  this,  and  I may  say,  as  any  Telescope,  however 
llarge,  will  carry  with  any  advantage,  either  for 
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Jupiter  or  Saturn — for  which  I prefer  213.  — See 
Chapter  XIX. 

Dr.  Maskelyne  says,  that  Short’s  Dumpy,  which 
was  a very  fine  Cassegranian  of  6 inches  aperture, 
would  not  bear  a higher  power  than  23 1 . — See  the 
preceding  Chapter  VII. 

I have  also  a Folycratic  Wheel  of  six  single  double 
convexes,  magnifying  100,  200,  350,  500,  800, 
1600 — the  Two  last  are  useful  for  no  other  purpose 
than  merely  to  prove  that  such  monstrous  Magnifiers 
are  useless  ; — they  are  about  as  properly  adapted  for 
actual  and  accurate  observation,  as  the  Monument  is 
for  a Toothpick. 

The  three  first  of  these  Single  Lenses  seiwe  to  com- 
pare with  the  Eye-tubes  composed  of  Two  glasses. — 
See  more  on  Magnifiers  in  the  Chapters  XIV,,  on 
Eye-pieces  — XVII.,  on  Illuminating  Foimrs,  &c. — 
and  V.,  on  Concave  and  Convex  Single  Lenses. 

A Box  18  inches  long,  14  inches  wide,  and  10 
inches  in  height,  is  an  indispensable  assistant 
to  this  Telescope,  as  even  if  the  hinder  winch  is  let 
down  first, — which  it  ought  to  be  ; when  the  object 
of  observation  is  elevated  above  65  degrees,  the  Eye- 
tube  becomes  too  elevated  for  easy  access — or  I pre- 
fer a set  of  4 Steps  rising  about  4 inches  above  each 
other,  with  a Pole  attached  to  them  to  lean  against— 
this  is  a very  convenient  assistant  to  keep  the  ob- 
server steady. 

The  finder  is  a more  necessary  appendage  to  a 
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Newtonian  than  to  any  other  Telescope,  and  should 
i be  an  Eighteen  inch  Achromatic  telescope  with  a 
double  eye-glass,  magnifying  about  seven  times  — it 
should  be  adjusted  by  Two  Finger  Screws  bearing 
against  a Spring  ; and  in  order  to  get  the  Eye  to  it 
easily,  it  must  stand  out  from  the  Tube  of  the  Tele- 
: scope  about  Three  inches. 

I The  Finders  of  Newtonian  Telescopes  are  some- 
I times  made  with  a Diagonal  Eye-tube  in  order  to 
save  trouble  in  using  it  — however,  the  Old  Proverb 
i that  “ the  longest  way  about  is  the  shortest  way 
home,”  applies  very  aptly  in  this  case;  and  such  a 
Finder  as  I have  mentioned  above  is  much  more 
convenient  than  a Diagonal  one,  for  we  must  look 
along  the  tube  to  find  the  Object  for  the  Finder. — 
See  the  article  Finder  in  the  Index. 

Lastly  — To  give  a large  Reflecting  Telescope  a 
fair  chance  of  doing  its  best — it  must  be  used  on  the 
Ground,  and  in  the  Open  Air ; in  which  situation, 
with  the  Metals  both  uncovered,  it  should  be  placed 
(especially  if  it  have  a Wooden  Tube)  at  least  a 
quarter  of  an  hour  before  you  attempt  to  look  through 
See  Obs.  in  Chapter  VI.,  on  Fefectors,  and 
Mr.  Tulle y’s  Letter. 

The  STEADIEST,  the  simplest,  the  cheapest, 
and  the  most  convenient  Stand,  that  I have  seen 
for  a Newtonian,  was  made  by  Mr.  Newman,  Car- 
penter,  No.  2 Mary  Place,  Mary  Street,  Brook 
Street,  New  Road,  near  Tottenham  Court  Road. 

i 
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This  extremely  ingenious  person  made  every  part  of 
his  Newtonian  Telescope  with  his  own  hands. 

Mr.  Tulle y’s  Letter. 

Dear  Sir, 

The  best  reply  I can  make  to  your 
Queries  respecting  the  performance  of  a 5 feet  Achro- 
matic of  3-r®^ths  aperture,  and  a 7 feet  Newtonian 
of  e^ths  aperture,  is  to  send  you  the  following 
Extracts  from  Letters  from  Mr.  Mosely,  of  Win- 
terdyre  House,  near  Bewdly,  who  has  a very  fine 
5 feet  Achromatic  of  my  making,  which  was 
formerly  in  the  possession  of  Mr.  Bartleman,  the 
Singer,  and  has  also  one  of  the  best  7 feet  New- 
tonians that  I ever  finished,  as  the  following  Ob- 
sei-vations,  in  Mr.  Mosely ’s  own  words,  will  certify. 
I took  every  pains  to  luake  these  Telescopes  as 
perfect  as  possible  — and  nobody  knows  how  to  use 
them  better  than  the  Gentleman  who  writes  me  the 
following  Observations,  on  the  correctness  of  which 
you  may  confidently  depend. 

I am.  Dear  Sir, 

Your  humble  Servant, 

Cha.  Tulley. 

Territ’s  Court,  Islington, 

January  13,  1825. 
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EXTRACTS  FROM  LETTERS  FROM  MR.  MOSELY  TO 
MR.  TULLEY. 

October  1821. 

“There  is  something  about  my  7 feet  New- 
; tonian  which  I cannot  understand.  I paid  great 
attention  to  it  during  the  few  remarkably  clear, 
warm,  and  calm  nights,  which  we  had  in  August. 
At  that  time,  s Bootis  and  r\  Cororuz,  were  in  a good 
point  of  view.  With  the  Eye-piece  marked  420 
: (a  single  lens  in  the  wheel)  I could  see  jj  Corona, 
most  distinctly ; yet  r Bootis  was  surrounded  by 
circles  of  false  light,  so  as  to  be  scarcely  defined 
at  all ; and  when  a bright  Star  was  examined, 
it  appeared  as  a blaze  of  light,  without  the  least 
appearance  of  any  defined  disk — how  can  this  be 
accounted  for  ? The  same  night  your  5 feet  Achro- 
matic defined  £ Bootis  without  the  smallest  particle 
or  Rings  playing  about ; and  even  « 
Lyra  was  defined  most  beautifully,  so  that  the  small 
Star  was  visible.  I could  not,  however,  see  ri 
Corona  with  this  Glass  ; the  highest  power  that  I 
«ould  use  distinctly  only  elongated  it. 

“ From  hence  it  appears,  that  although  the  7 feet 
Reflector  does  not  equal  the  5 feet  Achromatic  in 
shewing  a bright  Star  well  defined — it  will  define 
less  bright  objects  which  are  smaller  in  a better 
manner.” 


II 
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Nov.  11, 1821. 

“ I HAVE  never  been  able  to  get  the  7 feet  New- 
tonian to  act,  except  in  clear  and  mild  Evenings— 
Cold  air,  however  clear,  does  not  allow  it  to  perform  . 
well,  not  even  if  put  out  for  an  hour  or  more,  to 
acquire  the  same  temperature  as  the  air. 

April  29,  1822. 

“ I HAD  last  night  a most  beautiful  view  of  all 
the  most  difficult  double  Stars  of  Herschel’s  Cata- 
logue— the  7 feet  Newtonian  performed  most  ad- 
mirably, but  it  was  the  only  night  which  it  would 
act  since  it  came  back.  I saw  in  the  most  distinct  j 
manner  »)  Corona,,  and  also  h Draconis,  very  beau-  j 
tifully  : the  latter  is  said  never  to  have  been  seen  out 
of  Herschel’s  Garden,  but  that  is  not  a fact  I pre-  . 
gmne — I had  never  before  seen  it.  I used  the  3d 
power  in  the  wheel,  marked  by  your  son  560.” 

I 

July  4,  1822.  , 

“ u.  Lyra  — Your  5 feet  Achromatic  and  7 feet 
Newtonian,  shew  the  small  star  near  « Lyra,  very 
clear  : I generally  look  for  it  by  putting  the  large 
Star  out  of  the  field  a little ; and  when  once  the 
small  star  is  found,  I can  see  it  at  the  same  time  with 
the  large  Star.” 

“ For  my  Newtonian,  it  is  necessary  to  have 
verv  fine,  mild,  and  calm  weather  — co/rf  air. 


NEWTONIAN  REFLECTOR. 


147 


however  clear,  does  not  allow  the  Reflector  to 
perform  well.  It  is  a great  misfortune  that  Spe- 
cula are  so  uncertain,  and  that  they  require  such 
nice  weather  to  make  them  act  perfectly — Achro- 
matics  are  much  preferable  in  this  respect,  as  far 
they  go.” 

See  Dr.  Herschel’s  Paper  on  the  Causes  which 
prevent  Mirrors  from  shewing  Objects  distinctly in 
Chapter  XVIII.  of  this  work. 


CHAPTER  IX. 


I 

f 


Cassegrain’s  reflecting  telescope. 

This  Instrument  has  been  seldom  made,  except  by  a 
few  Artists  and  Amateurs,  who  have  chosen  it  merely 
for  the  convenience  of  its  shortness — ‘the  distance 
between  the  Large  and  the  Small  Speculum,  being 
less  in  Cassegrain’ s than  it  is  in  Gregory’s  Telescope, 
by  twice  the  solar  focus  of  its  Small  Speculum,  by 
so  much  may  the  tube  of  the  Telescope  be  shorter — 
i,  e.  in  a Cassegranian  Telescope  of  6 Inches  focus 
the  tube  need  not  be  more  than  7|  Inches  in  length.  | 

However  charming  this  curtailment  of  tube  may  I 
be  to  Dumpy'*  Fanciers,  any  convenience  arising  ) 
therefrom,  has  been  considered  to  be  more  than  1 
counterbalanced,  by  the  inconvenience  of  its  shewing 
objects  Inverted,  and  consequently  being  calculated 
only  for  Celestial  purposes,  — unless  an  Eye-tube,  ' 
composed  of  4 Glasses,  like  the  Teiuestrial  Eye-tube 
of  an  Achromatic  telescope,  be  applied  to  it,  and  this 
makes  it  longer  than  the  Gregorian  Telescope. 

The  Majority  of  the  purchasers  of  a Telescope 

• This  appellation  was  first  given  by  Mr.  Short,  the  celebrated  i 

Maker  of  Reflectors,  to  a Telescope  which  he  made  for  the  j 

Honourable  Top/iam  Bcauclcrc,  of  6 Inches  Aperture,  winch  I saw  j 
in  Colonel  Aubert's  Observatory,  at  Highbury;  it  was  only  24,  j 
instead  of  the  length  he  usually  made  them,  i.  c.  36  Inches  focus. 
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want  it  to  be  “ A Servant  of  All  Work,”  and  prefer 
an  Instrument,  which  is  also  a Day  Plaything — 

A Spying  Glass  “ to  see  a Ship  at  Sea, 

“ Geese  on  the  Green,  or  Crows  upon  a Tree.” 

This  Rhyme,  is  the  only  reason  which  the  Author 
lean  give,  why  so  few 

I 

I 

NEWTONIAN  TELESCOPES 

have  been  made ; for  the  comfort  of  position  in  ob- 
I serving  Celestial  objects,  besides  their  other  advan- 
tages, would  certainly,  otherwise,  have  recommended 
them  to  others,  as  well  as  to  the  really  scientific  and 
practical  and  persevering  Herschel.— See  further 
Ohs.  on  Newt07iians,  in  Chapter  VI.  on  Reflecting 
Telescopes — and  in  XX.  on  Double  Stars. — See  Sir 
lIsAAc  Newton’s  account*  of  his  Telescope,  in 

I 

* “ In  this  paper  we  have  the  description  of  the  First  Refecting 
1 Telescope  that  was  ever  made,  as  far  as  we  know.  The  idea  had, 
indeed,  been  mentioned  a few  years  before,  viz.  by  Mersenne,  in  a 
letter  to  Descartes,  who  did  not  approve  of  it;  and  again,  by 
Uames  Gregory,  in  his  Optica  Promota,  who  endeavoured  in  vain 
jo  carry  the  idea  into  execution.  Those  attempts,  however,  were, 
^suggested  by  a motive  far  inferior  to  that  of  Newton,  being  in- 
tended, besides  shortening  the  Telescope,  to  avoid  the  errors 
4irising  from  the  figures  of  the  Lenses ; whereas  that  of  our  author 
was  to  obviate  the  error  and  inconvenience  of  the  coloured,  jniages, 
hnd  of  the  unequal  refraction  of  the  rays  of  light;  a splendid 
discovery,  which  had  but  just  before  been  made  by  himself.” 
jThis  Note  is  from  the  foot  of  page  691  of  vol.  i.  of  the  Phil,  Truns: 
abridged,  4to.  1809. 
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the  Phil.  Trans,  for  1672,  at  page  4004  of  vol.  vii. — 
and  Mr.  Hadley’s  paper  in  Chapter  XIX. 

To  enable  the  Reader  to  measure  the  relative 
Reflecting  powers  of  Plane — Concave — and  Con- 
vex small  Specula,  I shall  lay  before  him  their 
respective  pretensions,  commencing  with  Sir  Isaac 
Newton’s  Papers  thereon,  and  thence  proceeding 
with  those  Practical  Observations,  which  I have 
been  favoured  with  by  several  scientific  opticians, 
especially  by  those  experienced  Makers  of  Reflect- 
ing Telescopes,  Mr.  Watson,  Messrs.  Tulley,  and 
Mr.  CuTHBERT,  who  have  given  me  their  Notes 
thereon,  and  the  account  of  the  Facts  which  they 
have  actually  ascertained  in  the  course  of  their 
numerous  experiments  with  Telescopes  of  various 
constructions.  The  Opinions  of  these  eminent  Prac- 
tical Opticians,  which  I hav^  printed  here  in  their 
own  words,  are  perfectly  unanimous,  and  in  perfect 
unison  with  those  published  by  Sir  I.  Newton, 
and  their  Evidence  and  their  Arguments  are  so  true, 
and  so  convincing,  and  so  plainly  stated,  that  I think 
they  will  be  perfectly  satisfactory,  and  will  finally 
settle  certain  important  points,  which  without  such 
Illustration,  seem  to  me,  likely  to  remain  as  they" 
are  at  present — 

« Puzzled  with  Mazes,  and  perplexed  with  Errors.” 

Mr.  Cassegrain  s Telescope  has  had  its  advocates, 
and  among  them  Persons  who  have  displayed  such 
discrimination  on  some  subjects,  that  it  may  excitfr 
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(some  surprise  how  they  should  have  been  so  greatly 
deceived  in  the  view  which  they  have  taken  of  this  : 
but  to  Whom  is  it  given  to  be — -Always  Right  ? 

I 

“ Nemo  Mortalium  omnibus  horis  sapit.” 

jThe  highest  Praise  that  Humanity  has  pretension 

I to,  is  to  be — Seldom  Wrong, 

In  the  Phil.  Trans,  vol.  Ixix.  p,  419,  and  in 
!~vols.  ciii.  and  civ.  the  Reader  will  find  Papers  in 
([praise  of  Cassegrain’s  Telescope,  on  which  I only 
remark,  that  they  are  not  in  unison  with  the  follow- 
ing by  Sir  Isaac  Newton — and  that  they  are  con- 
traiy  to  the  experience  of  all  the  Opticians  and 
-Astronomers  with  whom  I have  conversed  on  the 
subject; — I have  given  an  abstract  of  them  after 
tSir  Isaac  Newton’s  Paper. 

Disputes  on  Philosophical  subjects  may  be 
managed  with  the  utmost  Candour,  Respect,  and 
[Friendship,  by  Disputants  whose  only  Aim  is  the 
search  of  Truth.” — Seep.  4 of  Dr.  Halley’s  Pre- 
face to  vol,  xxix.  of  the  Phil.  Trans. 

I have  not  invented  any  Comments  to, amuse  you 
♦with  on  either  of  the  Essays  alluded  to  above ; it  never, 
♦was  my  Pleasure  to  criticise  the  endeavours  of  Ingeni- 
ous Persons,  who  have  recorded  the  results  of  their 
lExperiments,  in  the  belief  that  they  were  publish- 
Hng  interesting  and  accurate  deductions — the  only 
Mpring  which  ought,  which  ever  can  guide  the  Pen 
of  the  Faithful  Servant  of  Science,  is  a benevolent 
desire  that  others  may  participate  in  the  advantao-es 

to 
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which  he  thinks  may  be  derived  from  his  Dis-  ^ 
coveries  : — and  your  True  Philosopher  is 

“ Patient  of  Contradiction,  as  a Child 
Affable,  Humble,  Diffident,  and  Mild, 

Such  was  Sir  Isaac,  and  such  Boi/le  and  Locke : 

Your  Blund’rer  is  as  sturdy  as  a rock; 

His  still-refuted  quirks  he  still  repeats ; 

New-raised  objections  with  new  quibbles  meets ; 

Till,  sinking  in  the  quicksand  he  defends, 

He  dies  disputing,  and  the  Contest  ends — 

But  not  the  Mischiefs ; — they,  still  left  behind. 

Like  Thistle-seeds,  are  sown  by  ev’ry  wind.” 

Cowper’s  Progress  of  En-ar. 

The  Essays  referred  to  above,  are  the  productions  ' 
of  Members  of  the  Royal  Society  — to  which,  they 
were  presented  by  the  President — were  approved  by  : 
the  Council  of  21,  (chosen  from  the  500  F.R.S.) 
who  form  (see  Preface  to  the  Phil.  Ti'ans.)  “ the  ^ 
Committee  who  reconsider  the  papers  read  at  the  j 
General  Meetings,  and  select  out  of  them  such  as  j 
they  judge  most  proper  for  publication.”  Thus,  1 
sanctioned  by  the  imprimatur  of  Half  a Thousand 
S^avans — and  received  into  that  Rich  Treasury  of 
Science,  the  Philosophical  Transactioiis,  they  have 
been  promulgated  to  the  World  in  the  most  prepos- 
sessing manner. 

Well  then.  Gentle  Reader,  perhaps  you  may  j 
think  me  a bold  man,  to  dare  to  differ  from  doctrine  I 
published  in  a Work  which  is  so  universally  and  so  I 
justly  esteemed,  till  you  consider, — that  I come  to  i 
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this  combat  under  the  Banner  of  the  Immortal 
Newton,  and  find  that  the  follower,  like  his 
Leader,  is  armed,  with  the  irresistible  Spear  of 
Ithuriel. 

The  following  is  an  extract  from  the  Fhil.  Tram. 

1 for  May  1672,  at  p.  4056  of  vol.  vii. 

\ “Mr.  Isaac  New, ton’s  Consideratio?is  upon  part 
of  a Tetter  of  Monsieur  de  Berce,  printed  in  the 
Tighth  French  Memoire,  concerningthe  cata-dioptrical 
! Telescope,  pretended  to  he  Improved  and  Befined  hy 
M.  Cassegrain. 

“ That  the  Reader  may  he  enabled  the  better  to  judge 
of  the  whole  hy  comparing  together  the  contrivances 
both  of  Mr.  Newton  and  Mr.  Cassegrain;  it  will  be 
necessary  to  borrow  from  the  said  French  Memoire 
what  is  there  said  concerning  them ; which  is  as 
follows : — 

“ I send  you  (saith  M.  de  Berce  to  the  Publisher 
of  the  Memoire)  the  Copy  of  the  Letter  which 
M.  Cassegrain  hath  written  to  me  concerning  the 
proportions  of  Sir  Samuel  Moreland’s  Trumpet. 
And  as  for  the  Telescope  of  Mr.  Newton  it  hath  as 
much  surprised  me  as  the  same  Person,  that  hath 
found  out  the  proportions  of  the  Trumpet.  For  it  is 
now  about  three  months,  that  that  person  communi- 
: cated  to  me  the  figure  of  a Telescope,  which  was 

i almost  like  it,  and  which  he  had  invented ; but 
I which  I look  upon  as  more  witty.  I shall  here  give 
; you  a description  of  it  in  short. 

ii2 
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A B C D is  a strong  Tube,  in  the  bottom  of 
which  there  is  a great  concave  Sptculum,  C D, 
pierced  in  the  middle,  E. 

“ F is  a convex  Speculum,  so  disposed,  as  to  its 
convexity,  that  it  reflects  the  Species,  which  it  re- 
ceives from  the  great  Speculum,  towards  the  hole  E, 
where  is  an  Eye-glass,  which  one  looketh  through. 

The  advantage  which  I find  in  this  Instrument 
above  that  of  Mr.  Newton,  is,  first,  that  the  mouth 
or  aperture,  A B,  of  the  Tube,  may  be  of  what 
bigness  you  please  ; and  consequently  you  may  have 
many  more  rays  upon  the  Concave  Speculum,  than 
upon  that  of  which  you  have  given  us  the  descrip- 
tion. 2.  The  reflection  of  the  rays  will  be  very 
natural,  since  it  will  be  made  upon  the  axis  itself, 
and  therefore  more  vivid.  3.  The  vision  of  it  will  be 
so  much  the  more  pleasing,  in  that  you  shall  not  be 
incommoded  by  the  great  light,  by  reason  of  the 
bottom  C D,  which  hideth  the  whole  face.  Besides 
that  you’ll  have  less  difficulty  in  discovering  the 
Objects,  than  in  that  of  Mr.  Newton’s. 
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■ “ So  far  this  French  Author ; to  which  we  shall  now 
subjoin  the  considerations' oj  JMr.  Flewton,  as  ve 
received  them  from  him  in  a Fetter  written  font 
Cambridge,  May  4,  1672,  asfoUoios 

“ Sir  — I should  be  very  glad  to  meet  with  any 
improvement  of  the  Catadioptrical  Telescope ; but 
that  design  of  it,  which  (as  you  inform  me)  Mr.  Cas- 
segrain hath  communicated  3 months  since,  and  is 

o 

now  printed  in  one  of  the  French  Memoires,  I fear 
will  not  answer  expectation.  For,  when  I first 
applied  myself  to  try  the  effects  of  Reflexions, 
Mr.  Gregory  s Optica  Promota  (printed  in  the  year 
1663)  being  fallen  into  my  hands,  where  there  is  an 
Instrument  (described  p,  94,)  like  that  of  Monsieur 
Cassegrain’s,  with  a hole  in  the  midst  of  the  Object- 
metal  to  transmit  the  Light  to  an  Eye-glass  placed 
behind  it ; I had  thence  an  occasion  of  considering 
that  sort  of  constructions,  and  found  their  disadvan- 
tages so  great,  that  I saw  it  necessary,  before  I at- 
tempted any  thing  in  the  Practique,  to  alter  the 
design  of  them,  and  place  the  Eye-glass  at  the  side 
of  the  Tube  rather  than  at  the  middle. 

“ The  disadvantages  you  will  understand  by  these 
particulars.  1.  There  will  be  more  light  lost  in  the 
metal  by  reflexion  from  the  little  Convex  Speculum, 
than  from  the  Oval  plane.  For  it  is  an  obvious  ob- 
servation, that  Light  is  more  copiously  reflected  from 
any  substance  when  incident  most  obliquely. 

“2d.  The  Convex  Speculum  will  not  reflect  the 
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rays  so  truly  as  the  oval  plane,  unless  it  be  of  an 
Hyperbolique  figure  ; which  is  incomparably  more 
difficult  to  forme  than  a plane  j and  if  truly  formed, 
yet  would  only  reflect  those  rays  truly,  which  respect 
the  axis. 

” 3d.  The  errours  of  the  said  Convex  will  be  much 
augmented  by  the  too  great  distance  through  which 
the  rays,  reflected  from  it,  must  pass  before  their 
arrival  at  the  Eye-glass.  For  which  reason  I find  it 
convenient  to  make  the  Tube  no  wider  than  is  neces- 
sary, that  the  Eye-glass  be  placed  as  near  to  the 
oval  plane  as  is  possible,  without  obstructing  any 
useful  light  in  its  passage  to  the  object-metal. 

“ 4th.  The  errours  of  the  Object-metal  will  be 
more  augmented  by  reflexion  from  the  Convex  than 
from  the  Plane,  because  of  the  inclination  or 
deflexion  of  the  Convex  on  all  sides  from  the  points, 
on  which  every  ray  ought  to  be  incident. 

“ 5th.  For  these  reasons  there  is  requisite  an 
extraordinary  exactness  in  the  figure  of  the  little 
Convex,  whereas  I find  by  experience  that  it  is  much 
more  difficult  to  communicate  an  exact  figure  to 
such  small  pieces  of  Metal  than  to  those  that  are 
greater. 

“ 6th.  Because  the  errours  at  the  perimeter  of  the 
Concave  Object-metal,  caused  by  the  Sphericalness 
of  its  figure,  are  much  augmented  by  the  Convex,  it 
will  not  with  distinctness  bear  so  large  an  aperture,  as 
in  the  other  construction. 
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“ 7th.  By  reason  that  the  little  Convex  conduces 
very  much  to  the  magnifying  virtue  of  the  instru- 
ment, which  the  oval  plane  doth  not,  it  will  magnify 
much  more  in  proportion  to  the  sphere  on  which  the 
great  Concave  is  ground,  than  in  the  other  design  ; 
and  so  magnifying  Objects  much  more  than  it  ought 
to  do  in  proportion  to  its  aperture,  it  must  represent 
them  very  obscure  and  dark ; and  not  only  so,  but 
also  confused  by  reason  of  its  being  overcharged. 
Nor  is  there  any  convenient  remedy  for  this.  For  if 
! the  little  Convex  be  made  of  a larger  Sphere,  that 
' will  cause  a greater  inconvenience  by  intercepting 
too  many  of  the  best  rayes  ; or  if  the  Charge  of  the 
Eye-glass  be  made  so  much  shallower  as  is  necessary, 
the  angle  of  vision  will  thereby  beconie  so  little,  that 
it  will  be  very  difficult  and  troublesome  to  find  an 
object,  and  of  that  object,  when  found,  there  will  be 
but  a very  small  part  seen  at  once. 

“ By  this  you  may  perceive,  that  the  three  advan- 
tages, which  Monsieur  Cassegrain  propounds  to  him- 
self, are  rather  disadvantages,  For,  according  to  his 
design,  the  Aperture  of  the  Instrument  will  be  but 
small,  the  Object  dark  and  confused,  and  also  diffi- 
cult to  be  found.  Nor  do  I see,  why  the  reflexion 
IS  more  upon  the  same  axis,  and  so  moi’e  natural  in 
one  case  than  in  the  other ; since  the  axis  itself  is 
reflected  towards  the  Eye  by  the  Oval  plain ; and 
the  Eye  may  be  defended  from  external  light  as  well 
at  the  side  as  at  the  bottom  of  the  Tube. 
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You  see,  therefore,  that  the  advantages  of  this 
design  are  none,  but  the  disadvantages  so  great  and 
unavoidable,  that  I fear  it  will  never  be  put  in  prac- 
tice with  good  effect.  And  when  I consider,  bv 
leason  of  its  resemblance  with  other  Telescopes,  it  is 
something  more  obvious  than  the  other  construction, 
I am  apt  to  believe,  that  those  who  have  attempted 
any  thing  in  Catoptricks,  have  ever  tryed  it  in  the 
first  place,  and  that  their  bad  success  in  that  attempt 
hath  been  the  cause  why  nothing  has  been  done  in 
reflexions.  For  Mr.  Gregory,  speaking  of  these 
instruments  in  the  aforesaid  book,  page  95,  sayeth, 
De  mechamca  horum  speculoruni  et  lentium,  ab  aliis 
frustrd  tentatd,  ego  in  mechanicis  minus  versatus 
nihil  dico.  So  that  there  have  been  tryals  made  of 
these  Telescopes,  but  yet  in  vain.  And  I am  in- 
formed, that  about  7 or  8 years  since,  Mr.  Gregory 
himself,  at  London,  caused  one  of  six  feet  to  be  made 
by  Mr.  Reeve,  which  I take  to  have  been  according 
to  the  aforesaid  design  described  in  his  book ; be- 
cause, though  made  by  a skilful  Artist,  yet  it  was 
without  success. 

“ I could  wish,  therefore,  Mr.  Cassegrain  had  tried 
his  design  before  he  divulged  : but  if,  for  further 
satisfaction,  he  please  hereafter  to  try  it,  I believe 
the  success  will  inform  him,  that  such  projects  are 
of  little  moment  till  they  be  put  in  practice.” 

The  Cassegranian  Telescope  has  been  highly  com- 
mended by  that  celebrated  Mathematical  Instrument- 
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iiiaker,  Mr.  Jesse  Ramsden  — in  liis  Paper  in  the 
69th  vol.  of  the  Phil.  Trans,  for  1779,  p.  419,  en- 
titled, " A Description  of  Two  New  Micrometers,” — 

I from  which  I have  extracted  the  following  : 

“ 1 believe  it  would  more  tend  to  the  advancement 
of  the  art  of  working  Mirrors,  if  writers  on  this  subj  ect, 
instead  of  giving  us  their  methods  of  working  Ima- 
ginary Parabolas,  would  demonstrate  the  properties 
I of  curves  for  mirrors  which  placed  in  a telescope  will 
shew  images  of  objects  perfectly  free  from  aberration  ; 
or,  what  will  yet  be  more  useful  in  practice,  of  what 
forms  specula  might  be  made,  that  the  aberration 
caused  by  one  mirror  may  be  corrected  by  that  of 
the  other.  If  mathematicians  assume  data  which 
really  exist,  they  must  see  that  when  the  two  specula 
of  a reflecting  telescope  are  parabolas,  they  cause  a 
very  considerable  aberration  which  is  negative,  that 
is  to  say,  the  focus  of  the  extreme  rays  is  longer 
than  those  of  the  middle  ones.  If  the  large  specu- 
lum is  a parabola,  the  small  one  ought  to  be  an 
ellipse  ; but  when  the  small  speculum  is  spherical, 
which  is  generally  the  case  in  practice,  if  concave, 
the  figure  of  the  large  speculum  ought  to  be  an 
hyperbola  ; if  convex,  the  large  speculum  ought  to  be 
an  ellipse,  to  free  the  telescope  from  aberration. 

“ This  will  be  easier  understood  by  attending  to 
the  positions  of  the  first  and  second  images ; when  a 
curve  is  of  such  form  that  lines  drawn  from  eacli 
image,  and  meeting  in  any  part  of  the  curve,  make 
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equal  angles  with  the  tangent  to  the  curve  at  that 
point,  it  is  evident  that  such  curve  will  be  free  from 
, aberration. 

“ This  is  the  property  of  a circle  when  the  radiant 
and  image  are  in  the  same  place ; but  when  they 
recede  from  each  other,  of  an  ellipse,  of  such  form 
that  the  radiant  and  image  are  in  the  two  foci  till 
one  distance  becoming  infinite  the  ellipse  changes 
into  a parabola,  and  to  an  hyperbola  when  the  focus 
is  negative,  that  is  to  say,  when  reflected  rays 
diverge,  and  the  focus  is  on  the  opposite  side  of  the 
mirror. 

“ These  principles  made  me  prefer  Cassegrain’s 
construction  of  the  reflecting  telescope  to  either  the 
Gregorian  or  Newtonian.  In  the  former, 
errors  caused  by  one  speculum  are  diminished  by 
those  of  the  other. 

“ From  a property  of  the  reflecting  telescope, 
(which  has  not  been  attended  to,)  that  the  apertures 
of  the  two  specula  are  to  each  other  very  nearly  in 
the  proportion  of  their  focal  lengths,  it  follows,  that 
their  aberrations  will  be  to  each  other  in  the  same 
proportion,  and  these  aberrations  are  in  the  same 
direction,  if  the  two  specula  are  both  concave ; or  in 
contrary  directions,  if  one  speculum  is  concave,  and 
the  other  convex. 

“ In  the  Gregorian  construction,  both  specula 
being  concave,  the  aberration  at  the  second  image 
will  be  the  sum  of  the  aberration  of  the  two  mirrors ; 
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but  in  the  Casseguain  construction,  one  mirror 
being  concave,  and  the  other  convex,  the  abei  ration 
at  the  second  image  will  be  the  difference  between 
their  aberrations.  By  assuming  such  proportions  for 
' the  foci  of  the  specula  as  are  generally  used  in  the 
i reflecting  telescope,  which  is  about  as  1 to  4,  the 
j aberration  of  the  Cassegrain  construction  will  be 
! to  that  in  the  Gregorian  as  3 to  5. 

“ I have  mentioned  these  circumstances  in  hopes 
I of  recommending  the  demonstration  of  curves  suited 
: to  the  purpose  of  Optics  to  the  attention  of  mathe- 
; ticians,  which  would  be  of  great  use  to  artists.” — See 
Phil.  Trans,  for  1779,  vol.  Ixix.  p.  425  of  Mr.  J. 
i Ramsden’s  Paper. 

In  page  206  of  the  2d  part  of  the  Phil.  Trans,  for 
1813,  the  reader  will  find  Captain  Rater’s  Account 
of  his  Experiments  for  the  purpose  of  ascertaining 
the  relative  Illuminating  powers  of  Cassegranian 
and  Gregorian  Telescopes. 

From  the  first  experiment  it  appears,  that  the 
light  in  both  Telescopes,  was  equal,  when  the  area 
of  the  aperture  of  The  Cassegranian,  was  to  that  of 
'The  Gregorian,  as  4.632  to  10.871. 

“ Now  the  increase  of  light  being  (under  similar 
circumstances)  directly  as  the  area  of  the  aperture, 
it  follows  that  if  the  aperture  of  the  Cassegranian  be 
made  equal  to  that  of  the  Gregorian,  the  light  in 
favour  of  the  former  will  be  as  10.871  to  4.632,  or  in 
the  surprising  proportion  of  7 to  3 nearly.” — p.  209. 
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Captain  K.  informs  us,  in  page  211,  that  “ a 
mean  of  the  results  of  the  several  experiments  was, 
that  the  light  of  a Telescope  of  the  Cassegranian 
construction,  may  be  taken,  to  that  of  a Gregorian 
of  the  same  aperture  and  power,  as  about  60  to  33.” 

MR.  TULLEY’S  LETTER. 

Experiments  to  ascertain  the  Comparative  Difference 
oj  the  Cassegranian  and  Gregorian  Rejiecting 
Telescopes. 

“The  extraordinary  account  of  the  great  quantity 
<)1  light  reflected  hy  ih.e'Cassegrania)i  Construction, 
as  asserted  by  Capt.  Kater  (see  Phil.  Trans,  for 
1813  and  14),  excited  my  attention,  it  having  been 
heretofore  considered  that  the  only  difference  was 
the  inverted  position  in  which  it  shews  objects. 

“ From  the  time  of  the  Invention  of  Reflecting 
Telescopes  to  the  present  day,  the  Nerctoniari  Con- 
struction has  been,  justly  considered  to  reflect  more 
light  than  any  other  form  of  Reflecting  Telescope, 
and  it  must  be  so,  by  reason  that  light  is  more 
copiously  reflected  from  an  inclined  plane  than  when 
the  rays  fall  perpendicular  on  the  surface. 

“ The  light  reflected  by  a Newtonian  Telescope, 
compared  with  a Gregorian,  is  very  nearly  equal, 
when  their  diameters  are  as  6 to  7,  which  difference 
is  much  less  than  what  Capt.  Kater  makes  between 
the  Cdregorian  and  the  Cassegranian:  according  to 
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his  deductions  the  Cassegranian  reflects  more  light 
, than  the  Newtonian ; — from  the  nature  of  the  Con- 
struction, this  is  impossible, — and  is  it  not  impro- 
I bable,  that  such  a difference  should  remain  so  long 
unobserved,  when  so  many  ingenious  opticians  have 
I been  interested  in  the  Improvement  of  Reflecting 
1 Telescopes  ? 

' “ Mr.  James  Shout  spent  upwards  of  35  years 

' on  the  Gregorian  and  Cassegranian  Construction,  and 
! subsequent  Opticians  have  spent  the  greater  part  of 
I their  days  in  similar  pursuits,  and  the  only  improve- 
I ment  since  Shout’s  time  is  in  the  composition  of 
the  Speculums ; as  Mr.  Varley  observes,  in  his 
I account  of  Lord  Stanhope’s  Telescope,  ‘ to  bring 
, Telescopes  to  the  perfection  to  which  they  are  now 
I brought,  has  exercised  the  patient  industry  and  intel- 
lect of  some  of  the  greatest  men  that  ever  lived.’ 

“ Mr.  CuiCKMOUE  made  the  Telescopes  which 
i Capt.  Kateu  made  his  Experiments  with.  Capt. 
i K.  informs  us  that  Mr.  C.  was  a self-taught  genius, 
I and  that  his  Telescopes  were  more  perfect  than  any 
I be  has  seen  before.  — I therefore  conclude  that 
Capt.  Kateu  has  not  had  an  opportunity  of  seeing 
I any  of  the  best  Reflecting  Telescopes  that  have 
I been  made, — if  he  has,  he  must  have  judged  from 
Memory  only,  not  from  comparison ; for  a Re- 
flecting Telescope  is  a simple  instrument,  and 
limited  in  perfection,  and  that  perfection  is  attained, 
as  many  have  been  made  as  perfect  as  art  can  pro- 
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(luce  them ; therefore,  to  improve  it  must  require  a 
new  system  and  new  materials,  both  of  which  at 
present  are  unknown.  If  Mr.  Crickmore,  with  very 
little  practice,  has  even  equalled,  much  less  sur- 
passed, what  has  been  done  before,  he  has  been  very 
fortunate  indeed. 

“ It  is  clear  to  me,  that  there  has  been  some  Error 
either  in  the  Instruments  or  the  Observations, — 
there  is  no  such  difference  existing  between  the  two 
forms. 

It  is  well  known,  that  light  and  pencils  of  light 
will  pass  and  repass  each  other  in  all  directions, 
without  suffering  any  loss  in  their  course. 

“ Rays  of  light  reflected  from  a concave  miiTor, 
or  refracted  through  a convex  lens,  seem  to  diverge 
in  a greater  angle  than  they  converged  before  they  ' 
crossed,  but  in  what  proportion  remains  to  be  deter- 
mined ; and  this  greater  divergency,  it  appears  by 
the  experiments  of  Capt.  Kater,  he  has  taken  for 
loss  of  light,  which  being  less  condensed  will  conse- 
quently appear  less  luminous  : but  when  these  more 
dispersed  rays  of  light  are  made  to  return,  as  in  the 
Gregorian  Telescope,  by  means  of  the  small  speculum, 
they  make  the  same  angle,  as  they  do  from  the  small 
convex  speculum  in  the  Cassegrain,  which  returns 
the  rays  before  they  cross ; that  is,  xohen  all  the 
metals  in  both  Telescopes  are  of  equal  radii,  the  light 
reflected  will  be  the  same. 

“ I have  caused  two  2 feet  Telescopes  of  this  de- 
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scription  to  be  made  with  the  greatest  care,  and  the 
r magnifying  powers  and  angle  of  vision,  or  field  of 
view,  is  exactly  the  same  in  them  both,  and  there  does 
not  appear  one  atom  of  difference;  they  seem  to  be 
as  much  alike  as  it  is  possible  to  make  two  things, 
except  that  of  the  Cassegrain  shewing  the  object  in- 
verted, Dr.  Pearson,  Dr. Kelly,  and  Mr.  Arago, 
a French  astronomer,  all  declared  they  could  see  no 
I difference.  — Since  writing  the  above,  I have  had  two 
Telescopes,  that  I made  some  years  ago,  in  my  pos- 
session, of  the  Gregorian  form ; they  are  7 inches 
diameter,  and  27  inches  focal  length,  and  very  per- 
fect: one  of  them  is  the  Telescope  I made  for 
Dr.  Kitchiner.  I altered  one  of  them  into  a 
Cassegrain  with  great  care,  and  have  compared 
them  with  equal  magnifying  powers,  and  at  different 
times  of  the  day ; but  the  best  time  to  judge  oj'  the 
light  of  Telescopes,  is  towards  evening,  about  sunset, 
or  a very  little  later,  when  I could  plainly  perceive 
a difference  between  a power  of  77  and  82  ; which- 
ever Telescope  had  the  power  of  77,  compared  with 
the  other  at  82,  was  very  visibly  the  lightest : when 
the  powers  were  equal,  the  light  was  equal  also. 

Julyl817.  “ ChAS.  TuLLEY.” 

“ Dear  Sir, 

_ “ The  above  is  an  account  of  the  Experiments  I 
1 made  with  the  Gregorian  and  Cassegranian  Reflecting 
1 Telescopes,  in  order  to  ascertain  the  Comparative 
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difference  as  stated  by  C apt.  Katee — and  I have  the 
pleasure  of  sending  it  to  you ; and  any  information 
I am  capable  of  giving,  I will  do  it  with  pleasure. 

''  I am.  Dear  Sir, 

“ Your  very  obedient  and  humble  Servant, 

" Cha.  Tulley.” 

Islington,  April  14,  1823. 

Mr.  Tulley  constructed  two  pairs  of  telescopes, 
•one  of  each  pair  a Gregorian,  and  the  other  a Casse- 
granian,  so  as  to  match  each  other  exactly  in  di- 
mensions, powers,  and  quality  of  the  metals  and 
glass,  in  order  to  ascertain  if  one  construction  has 
any  advantage  over  the  other  in  quantity  of  light, 
under  exactly  the  same  circumstances ; and  though 
several  scientific  gentlemen,  besides  the  author  of 
this  article,  have  examined  and  compared  different 
objects,  as  seen  successively  by  each  of  the  two 
telescopes  of  both  pairs,  yet  not  the  least  difference 
can  be  discerned  by  any  observer.  When  the  last 
glimmering  of  daylight  remained,  the  vanishing 
object  ceased  to  be  visible  with  each  like  telescope 
at  the  same  time,  as  nearly  as  could  be  ascertained ; 
and  that  with  both  pairs,  though  they  are  con- 
structed with  dimensions  greatly  different  the  one 
pair  from  the  other,  and  vary  consequently  in  their 
powers  and  quantity  of  light.  This  experiment 
originated  out  of  Captain  Kater’s  paper  on  this 
subject,  which  was  published  in  the  PhUosophical 
Transactiom  of  London,  in  the  year  1813;  and  we 
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have  no  hesitation  in  saying,  that  the  quantity  of 
illumination  is  the  same  in  both  constructions,  when 
the  dimensions  and  qualities  of  the  constituent  parts 
,are  perfectly  similar.  Whatever  may  be  the  dis- 
persion of  light  at  the  point  of  crossing  of  the  rays, 
in  the  Gregorian  construction,  when  the  dispersed 
rays  are  returned  from  the  second  speculum,  they 
are  collected  again,  it  should  seem,  without  loss, 
certainly  without  apparent  diminution  of  light. 
This  conviction  we  put  on  record,  not  out  of  a 

spirit  of  Controversy,  but  from  a love  of  Truth,” 

See  Dr.  Rees’s  Neio  Cyclopedia,  vol.  xxxv.  Art. 
Telescope. 

MR.  Watson’s  letter. 

Cl  May  20th,  1824. 

“ Sir, 

“ In  the  course  of  my  53  years’  practice 
in  making  Reflecting  Telescopes,  I have  had  few 
opportunities  of  comparing  the  Gregorian  and  Casse- 
grain, but  sufficient  to  convince  me,  that  the  Casse- 
grain has  no  advantage  over  the  Gregorian,  except 
its  being  a few  inches  shorter;  it  is  very  seldom 
asked  for,  as,  the  vision  being  inverted,  it  is  only  fit 
for  Astronomical  purposes. 

I have  only  made  One,  and  seen  Another— Mr. 
iShort's  Dumpy,  when  it  was  under  the  care  of 
Mr.  Dalby,  Astronomer  to  the  Honourable  Topham 
Beauclerc ; when  a Gregorian  of  my  making  of  the 
same  aperture  and  focal  length,  was  compared  with 
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it  by  Mr.  Dalby,  another  gentleman,  and  myself, 
they  both  freely  allowed  the  Gregorian  to  be  much 
more  brilliant  and  distinct  than  the  Cassegrain. 

“ About  the  year  1794,  I made  the  Dumpy*  of 
3 inches  Aperture,  and  6 inches  focus,  for  Mr.  Wm. 
Walker,  the  Lecturer  on  the  Eidouranion,  and  which 
you  purchased  from  him — this  little  Telescope  had 
two  sets  of  metals,  one  for  the  Gregorian,  the  other 
for  the  Cassegrain,  and  was  equally  good  with  each 
set;  and  we  saw  objects  just  as  distinct  and  bright 
in  the  Gregorian  as  in  the  Cassegrain;  and  Castor 
appeared  like  a figure  of  8 of  fine  outline,  and  the 
two  stars  round  and  sharply  defined  in  the  centres 
of  it. 

“ The  making  of  this  Telescope  discovered  to  me 
that  the  curve  of  the  large  metal  most  proper  for  the 
Gregorian,  is  not  so  for  the  Cassegrain,  which  re- 
quires a different  figure. 

“ I therefore  made  another  large  metal,  and  gave  it 
such  a figure,  as,  combined  with  the  convex  small 
metal,  gave  distinct  vision.  This  little  Cassegrain 
had  three  convex  small  metals,  and  magnified  from 
75  to  400  times. 

“ In  the  year  1780, 1 made  a Newtonian  for  the  late  j 
Mr.  Jesse  Ramsden,  which  was  of  8 feet  focus,  ! 
and  the  large  metal  10  inches  diameter— with  this  j 

* Whea  Mr.  Watson  made  this  Dumpy  Cassegrain  for  I\Ir. 
Walker,  he  was  in  the  zenith  of  his  powers  as  a Telescope-maker— 
as  when  he  wrote  this  letter  he  was  in  the  ftilness  of  his  age  and 
experience,  having  just  completed  his  78tli  year. 
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Telescope  the  division  of  the  Ring  of  Saturn,  his 
Belts,  and  the  shadow  of  the  ball,  cast  on  the 
Ring  — the  shadows  of  Jupiter’s  Moons  on  the 
disk  of  that  planet,  his  Belts,  and  the  termination 
of  his  disk — were  all  seen,  most  beautifully  de- 
fined. This  Telescope  was,  from  its  large  dimen- 
sions, and  powerful  effect,  the  finest  Telescope  I 
ever  saw. 

"There  is  certainly  more  light  reflected  by  a New- 
tonian than  by  either  a Gregorian  or  a Cassegrain 
Telescope. 

" J.  Watson.” 

To  Wm.  Kitchiner,  M.D. 


" Dear  Sir, 


22  Bishop’s  Walk,  Lambeth, 
24th  May,  1824. 


" Having  seen  in  a publication 
some  time  back,  an  account  of  experiments  made 
with  Cassegrain  and  Gregorian  Telescopes,  to  ascer- 
tain which  construction  had  the  superiority  of  light, 
and  that  the  result  was  in  favour  of  the  former,  I 
was  led  to  doubt  the-  accuracy  of  the  observations 
from  the  means  employed,  namely,  with  two  Tele- 
I scopes  by  different  makers,  and,  of  course,  the  mate- 
irials  of  different  reflecting  qualities,  it  must  be 
! obvious,  that  unless  the  materials  in  each  Instru- 
;ment  were  precisely  of  the  same  casting,  no  certain 
result  could  be  obtained. 
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“ I had  but  little  doubt  on  the  subject,  but  never 
having  made  the  experiment,  I cast  two  small  spe- 
culums,  a concave  and  a convex,  of  the  same  mate- 
rial, and  ground  them  to  the  same  curve.  I applied 
them  to  a Telescope  I was  making  at  the  time  — 1 
tried  the  Instruments  on  a dial  of  a watch,  on  the 
evening  of  a fine  day,  when  the  light  was  gradually 
decreasing,  by  repeatedly  shifting  the  small  specu- 
lum, till  the  light  of  the  evening  was  so  far  decreased 
that  I could  only  discover  the  white  spot  the  dial 
formed;  but  could  not  discover  any  superiority  of 
light  in  the  two  constructions. 

“ The  only  advantage  I know  in  the  Cassegrain 
over  the  Gregorian,  is  the  reduction  of  length  about 
4 inches  in  a 2 feet  Telescope ; and  that  advantage 
is  more  than  counterbalanced  by  the  objects  being 
inverted.  For  Celestial  purposes,  it  would  be  of 
little  consequence ; but  for  Terrestrial,  the  disad- 
, vantage  must  be  obvious  to  every  one. 

((  j (discovered  in  the  course  of  my  expeiiments, 
that  the  curve  of  the  large  speculum  best  for  the  Gre- 
gorian construction,  did  not  answer  equally  well  for 
the  Cassegrain ; but  being  satisfied  no  superiority  of 
light  was  to  be  obtained  by  the  Cassegrain,  I did 
not  carry  my  experiments  further.  It  is  my  in- 
tention to  make  further  experiments  to  ascertain 
the  difference  of  curves  required  to  produce  dis- 
tinct Vision,  with  the  three  constructions,  namely, 
Newtonian,  Gregorian,  and  Cassegrain  Telescopes; 
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the  results  of  Vhich  I shall  feel  great  pleasure 
in  communicating  to  you  as  soon  as  made ; and 
remain.  Sir, 

“ Yours  respectfully  and  obliged, 

i “ John  Cuthbert.” 

To  Dr.  Kitchiner,  &c. 

In  the  course  of  the  last  30  years,  I have  seen  the 

1 following  Cassegranian  Telescopes — Short’s  Dumpy, 

2 feet  long,  6 inches  diameter — Watson’s  Dumpy, 
i7J  inches  long,  3 inches  diameter — a 30  inch  of 
6 inches  Aperture,  made  by  Mr.  Tulley,  for  Mr. 
Custans,  which  was  afterwards  in  Mr.  Wm.  Walker’s 

i Observatory. 

The  Trial  Telescope  which  Mr.  Tulley  made 
I'for  Mr.  Hodgson,  was  S^^^ths  inches  Aperture, 
land  30  inches  long — and  had  one  set  of  Casse- 
ligranian  and  another  set  of  Gregorian  metals. 

" Mr.  Hodgson’s  Observations  on  their  performance, 
[•which  I found  in  the  case  of  the  Telescope,  are 


Gregorian. 
70  good 
100  good 
126  good 
200  middling 


Cassegranian. 


80  middling. 


120 

200 

320 


! 


very  dull. 


[From  which  it  may  be  fairly  inferred,  taking  it  for 
[granted  that  the  two  Telescopes  were  equally  per- 
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feet — that  the  diminution  of  light  oc"casioned  by  the 
small  increase  of  the  magnifying  power  of  the  Casse- 
granian  metals,  induced  him  to  imagine  the  Gre- 
gorian was  good,  while  the  Cassegranian  was  only 
?niddling,  or  vay  dull — for  Mr.  Tulley  has  assured 
me,  that  the  vision  was  equally  sharp  with  each  set 
of  speculums.  I tried  the  Gregorian  set  against  a 
very  fine  5 feet  Achromatic,  of  3y\ths  inches  aper- 
ture, and  with  equal  powers  it  shewed  a printed 
Paper  better  than  the  Achromatic. — See  Chapter  on 
Illuminating  Power. 

Mr.  George  Hodgson,  F.R.S.,  built  an  Observa- 
tory at  Hoddesdon,  Herts.  He  was  a very  ingenious 
person,  and  purchased  the  Instruments  for  his  Ob- 
servatory without  any  regard  to  the  cost  of  them  — 
and  had  the  following  Telescopes  — therefore  had 
sufficient  means  to  judge  of  the  comparative  powers 
of  various  Instruments. 

*A  Newtonian, by  SirWm.  Herschel,  7 feet  focus,  6-^ths  diameter. 
*An  Achromatic,  the  favourite  Telescope  of  the 

late  Mr.  Peter  Dollond,  5 feet  focus  S^fjths  

♦Ditto  46  Inches,  the  favourite  of  Mr.  A.  Aubert, 

by  Mr.  Peter  Dollond 3^ths 

*Ditto  45  Inches,  tire  favourite  of  Win.  Larkins, 

Esq.  by  Mr.  Peter  Dollond  2iljths 

*A  30  Inch  Achromatic,  by  Mr.  G.  Dollond  . . 2./Jtlis 

* Those  marked  with*  were  purchased  by  the  Author  of  tins 
work. 
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A 30  Inch  Cassegranian  and  Gregorian,  above 


mentioned 5-^ths  diametei. 

A 5 feet  Newtonian,  by  Mr.  Tulley  5 

A 46  Inch  Achromatic,  by  Mr.  Tulley  Sixths  


And  half-a-dozen  other  Telescopes,  &c. 

His  Instruments  were  sold  by  Mr.  S.  Sotheby,  in 
March  1824. 

It  has  been  said  by  several  Practical  Opticians, 
that  that  curve  of  the  Large  Speculum  which  may 
be  most  perfect  for  a Gregorian  with  a Cwicave  Small 
Speculum — will  not  be  so  proper  for  a Cassegranian 
with  a Convex  Small  Speculum.  I cannot  under- 
stand why  that  figure  which  performs  well  with  the 
Concave  should  not  act  as  well  with  the  Convex. 
An  Object-Glass,  or  Newtonian  Telescope,  which  is 
distinct  with  a Convex,  is  equally  distinct  with  a 
Concave  Lens. 

“ An  experienced  Telescope-maker  told  me,  that 
during  the  time  that  it  was  the  fashion  to  admire 
the  Illuminating  power  of  the  Cassegranian  Tele- 
scope — he  made  a Cassegranian  convex  small 
Speculum,  and  fixed  it  on  the  same  arm,  on  the 
back  of  the  Concave;  and  it  was  equally  distinct 
with  the  Concave,  and  equally  light : and  the  ex- 
periments which  he  then  made  perfectly  satisfied 
him,  that  a Gregorian  Telescope  is  as  light  as  a 
CassegTanian.”  This,  if  the  Reader  has  a Gregorian 
Telescope,  he  may  see  for  himself,  by  getting  a 
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Convex  small  metal,  of  the  same  magnifying  power- 
as  the  Concave,  which  he  may  procure  for  a Guinea. 

As  honest  Isaac  Newton  wrote  in  page  500  of 
vol.  X.  of  the  P'hil.  Trans.  — • “ This  is  to  be  decided 
not  by  Discourse,  but  by  a new  trial  of  the  Ex- 
periments.” 


CHAPTER  X. 


HOW  TO  ADJUST,  OR-SET  A TELESCOPE,  AND  OF 
THE  FIELD  OF  VIEW. 

From  the  want  of  knowing  how  to  adjust  a Tele- 
scope to  distinct  Vision  for  different  Distances,  I 
have  not  been  much  surprised  when  I have  heard 
some  people  complain  most  clamorously,  that  they 
never  met  with  a Glass  through  which  they  could 
see  distinctly  ; and  others,  that  their  Eye  is  always 
so  strained  by  looking  through  a Telescope  that  they 
are  afraid  to  use  one. 

However,  to  look  through  a good  Glass  when  it  is 
accurately  Adjusted,  I believe  is  very  little,  if  any, 
more  fatigue  to  the  Eye,  than  it  is  to  look  with  as 
earnest  attention,  at  the  same  Object,  for  the  same 
length  of  time  with  the  naked  Eye. 

It  should  be  explained  to  those  who  have  not  been 
accustomed  to  use  Telescopes,  that  if  every  part  of 
the  Instrument  is  perfect,  and  perfectly  clean  — 
that  if  objects  do  not  appear  perfectly  distinct,  and 
sharply  defined,  that  fault  must  arise  either  from  the 
various  parts  of  the  Telescope  not  being  properly 
adjusted  to  each  other,  or  to  the  Instrument  not 
being  adjusted  to  the  Eye  of  the  person  observing. 
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hack  'person  ought  to  set  a Telescope  for  his  own 
Eye,  for  almost  every  Eye,  even  of  people  of  the  ] 
same  age,  has  its  peculiar  focus.  j 

Persons  unaccustomed  to  adjust  a Telescope,  are 
often  unable  to  do  so  with  that  degree  of  nicety 
which  is  needful  to  produce  perfectly  distinct  vision : | 

and  it  is  extremely  difficult  for  another  person  to  do  j 
so  for  them,  however  well  acquainted  with  the  usual 
peculiarities  of  the  Eye  at  various  Ages  : — thus  the 
most  interesting  parts  of  Telescopic  Exhibitions  are 
often  seen  but  very  imperfectly. 

To  give  some  idea  of  the  Focus,  Opticians  some- 
times draw  a line  round  the  Tube,  where  the  Tele- 
scope is  most  distinct  for  a Common  Eye  at  the 
distance  commonly  required.  ^ 

As  the  Reader  may  have  observed,  that  the  Spying  j 
Glasses  which  are  in  use  at  Watering  Places  — and  I 
at  Sea  — have  a mark  on  their  tube  which  is  called 
the  place  to  set  it  to — very  few  persons  have  any  idea 
that  every  variation  in  the  distance  of  the  Object,  or  j 
the  Age  of  the  person,  requires  a variation  of  the  j 
adjustment  of  the  Glass. 

When  You  use  a Telescope,  — hold  the  Outer  tube 
in  one  hand,  and  the  Inner  with  the  other  hand — 
look  through  the  centre  of  the  Glass  at  the  Object 
you  wish  it  to  shew  you,  and  adjust  it  patiently 
and  precisely:  — thus, — press  the  Eye-tube  towards 
the  Object-Glass,  Vision  will  gradually  increase  in 
distinctness  as  the  Eye-Glass  approaches  its  proper 
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i distance  from  the  Object-Glass,  and  when  there,  the 
j Object  will  be  seen  perfectly  and  sharply  defined 
I if  the  Eye-tube  be  put  in  beyond  the  proper  dis- 
tance, the  object  will  again  become  indistinct,  and 
in  that  case,  the  Eye-tube  must  be  withdrawn 
again  : — a very  little  practice,  will  enable  a person 
easily  to  obtain  the  precise  point  at  which  the  most 
perfect  distinctness  can  be  obtained. — This  is  a 
i much  better  way  of  adjusting  a Glass  than  to  put 
I it  up  to  the  Eye,  and  then  pull  out  the  Inner  tube — 

1 by  which  act,  if  the  tube  does  not  slide  regularly,  or 
I is  shorter  than  you  expect,  it  may  suddenly  slip 
i out,  and  strike  your  Eye,  and  plant  a Cataract. 

The  greater  the  Magnifying  power  of  a Glass,  the 
greater  nicety  is  required  in  adjusting  it. 

If  You  wish  to  see  any  thing  further  of,  or 
I nearer,  — for  each  variation  of  distance,  a corre- 
sponding variation  of  Adjustment  is  required  ; 
i.  e.  of  the  distance  of  the  Eye-piece  from  the  Object- 
! Glass — which  must  be  diminished,  in  the  proportion 
I that  the  distance  of  the  Object  is  increased.  This 
: caution  is  quite  necessary — I have  met  with  iriany 
persons  who  have  condemned  a Glass ' because  they 
could  only  see  some  objects  distinctly  with  it,  and 
for  others  they  found  it  useless  — merely,  because 
I they  had  not  been  told,  that  — every  variation  of  the 
1 lYistance  of  the  Object,  requires  a corresponding 
‘ variation  in  the  Adjustment. 

More  Glasses  have  been  condemned  for  the  want 

1 2 
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of  this  knowledge  than  from  any  other  cause  — and 
more  Eye  and  Object-Glasses  have  been  spoiled,  j 
Those  who  are  not  aware  of  it  suppose  that  when 
they  turn  their  Glass  to  an  Object  to  which  it  is  not 
adjusted  that  its  Glasses  want  wiping,  and  they 
keep  rubbing,  till  in  a little  time  they  render  them 
about  as  unfit  to  look  through  as  Ground  Glass. 

Sometimes  a Film  oi'  Fog  forms  between  the 
Object-Glasses,  or,  as  the  Optical  phrase  is,  “ the 
Glasses  sweat — when  this  happens,  they  must 
be  taken  out  of  their  cell  and  wiped  with  a bit  of 
soft  Leather  or  of  very  fine  Silver  Paper — but  never 
do  this  but  when  it  is  absolutely  needful,  and  then, 
take  care  to  replace  them  in  the  same  position ; it  is 
seldom  requisite  oftenerthan  once  or  twice  in  a Year. 
Nor  wipe  the  Object  or  Eye-Glass  except  they  really 
require  it — as  often  as  you  wipe  them — you  scratch 
them  a little. 

To  See  an  Object  distinctly  at  any  given  distance. 
The  longer  and  older  the  Sight  of  the  Person,  the 
longer  the  tube  must  be  drawn  out — Thus — if  a 
person  of  20  years  of  Age*  who  has  a co7nmon  Fye, 
has  adjusted  a Glass,  for  distinct  vision  at  the  dis- 
tance of  60  yards  — and  wishes  to  set  it  so  that  a 
person  of  40  or  50  years  of  Age,  who  uses  Convex 
Spectacles  of  36  or  30  Inches  focus,  may  see  as 
distinctly  with  it  an  object  at  the  distance  of  60 
yards  — he  must  pull  out  the  tube  about  the  eighth 
of  an  Inch  further,  — more  or  less,  as  the  Eye  is 
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longer  or  older,  the  Telescope  is  longer  or  shorter : 
and  the  Magnifying  ^^ower,  and  the  distance  of  the 
Object,  are  more  or  less, — or  they  must  look  through 
the  Glass  with  their  Spectacles  on. 

Near-sighted  People,  when  they  wear  their 
Spectacles,  See  at  the  same  focus  as  persons 
who  have  a common  eye  — luithout  their  Spectacles 
the  tube  must  be  pushed  in  nearer  to  the  Object- 
Glass. 

The  best  way  of  holding  a Glass. 

If  you  put  it  up  to  your  Right  Eye,  hold  it  with 
your  Left  Hand  — in  such  a manner,  that  the  Left 
Arm  forais  a blind  before  the  Left  Eye. 

Some  Fidgety  folks,  when  not  looking  through 
their  Glass,,  keep  ever  and  anon,  pawing,  and  wiping 
the  Eye  or  the  Object-Glass;  — neither  of  these 
should  be  touched, — except  when  it  is  absolutely 
necessary  to  clean  them,  and  then,  only  with  a bit 
of  soft  Leather,  fine  Linen,  or  the  finest  Silver 
Paper. 

The  Sliding  Tube  soon  becomes  dirtied  by  the 
dampness  of  the  hands ; — to  avoid  this,  do  not  touch 
the  Sliding  Tube,  but  take  hold  only  of  the  Neck  of 
the  Eye-head,  and  adjust  by  that.  The  Sliding  tube 
must  be  wiped  occasionally,  so  that  it  may  slide 
smoothly  — if  it  will  move  only  by  fits  and  starts, 
you  will  not  be  able  to  adjust  it  accurately. 

I have  heard  persons  (unacquainted  with  the 
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Laws  of  Optics,)  complain,  that  a Glass  magnify- 
ing 40  times,  has  not  so  large  a Field  of  View  as  a 
Glass  which  magnifies  only  20  — this  cannot  be 
remedied  ; — their  only  alternative,  is  to  have  a small 
Field  distinct,  or  a large  Field  of  little  or  no  use — 
with  a power  of  40  they  have  in  quality,  what  with 
20  they  have  in  quantity,  and  the  objects  which 
they  do  see,  they  see  much  more  than  twice  as 
distinctly. 

When  a Telescope  magnifies  more  than  100,  it  is 
as  difficult  as  it  is  desirable  to  keep  an  object 
exactly  in  the  middle  of  the  Field  at  the  same  time 
that  we  are  adjusting  the  Vision.  Few  Eye-pieces 
are  so  constructed  that  the  field  is  so  flat,  that  the 
Vision  is  good  in  the  centre  when  the  telescope  is 
adjusted,  while  the  object  appears  in  the  side  of  the 
field ; and  therefore,  persons  who  are  not  particular 
in  keeping  the  object  in  the  middle  of  the  field,  get 
a notion  that  every  telescope  has  some  peculiar  part 
of  the  field  more  distinct — this  is  merely  because  they 
adjusted  the  instrument  while  the  Object  was  in 
that  part,  or  the  Instrument  is  out  of  Adjustment, 
or  defective,  and  the  errors  of  the  Eye-glasses  correct 
those  of  the  Object-Glass  in  certain  parts  of  the 
Field. 

All  good  Telescopes  that  are  in  good  adjustment, 
are  most  distinct  in  the  central  point — those  which 
appear  otherwise  only  appear  so  because  they  have 
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not  been  properly  adjusted  when  the  object  was 
exactly  in  the  centre  of  the  field.— See  Clock-Wo7‘k 
Equatorial  Wlotion,  in  Index. 

For  large  Adjustments,  and  that  the  Telescope 
may  be  used  for  near  objects,  (and  occasionally  do 
the  business  of  a Microscope*,)  it  should  have  a 
i Sliding  Tail-piece ; — and  the  Tooth  and  Pinion  for 
( the  fine  Adjustment  must  be  finished  very  carefully,  so 
I as  to  move  easily  and  smoothly,  or  it  will  shake 
I the  Glass  while  adjusting  it. 

The  Machineiy  for  adjusting  the  focus,  may  be  as 
much  too  fine — as  too  coarse. — The  fine  Screw  adjust- 
ment, which  still  seems  the  best  that  can  be  applied 
to  Gregorian  Reflectors,  was  applied  to  the  original 
46  Inch  Achromatics  — but  when  even  a power  of 
150  is  applied  to  them  it  is  not  quick  enough,  and 
the  focal  point  is  not  half  so  easily  and  exactly  hit, 
as  with  the  Tooth  and  Pinion  adjustment  on  the 
side  of  the  Tube. 

A badly  finished  Adjusting  Screw  is  one  of  those 
defects,  we  must  expect  to  find,  in  Instruments, 
which  are  so  very  rarely  used  by  those  who  make 
them  the  workman  is  not  aware,  how  indispensable 

* A former  writer  has  observed,  that  a Spider  at  work  is  a 
curious  object  for  such  a Microscope,  adding  that  you  may 
observe  his  proceedings  at  such  a distance— that  the  ingenious 
insect  will  not  be  in  the  least  disturbed,  nor  have  tlie  least  idea 
tliat  you  are  watching  his  Web-making  1 
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it  is,  that  the  Telescope  be  perfectly  steady  during 
the  adjustment  of  the  focus. 

There  should  be  two  Steadying  sliding  Tubes  ap- 
plied from  the  eye-end  of  the  telescope  to  the  stand. 
These  will  greatly  diminish  the  tremour,  which  is 
such  an  impediment  to  Vision. 

When  ‘ the  Eye  is  perfectly  satisfied  with  the 
adjustment  of  the  focus,  let  the  Telescope  be  so 
placed  that  the  object  may  pass  through  the  field,  the 
Instrument  remaining  at  rest  during  the  time  : — this 
answers  better  than  tottering  after  it  with  Rackwork. 

Very  remote  Terrestrial  objects  are  best  seen  about 
an  hour  or  two  after  Sun-rise — or  an  hour  or  two 
before  Sun-set.  When  I was  at  Brighthelmstone 
some  years  ago,  I could,  in  the  early  part  of  the 
Morning  and  Evening,  very  easily  see  the  Isle  of 
Wight ; which,  in  the  intervening  hours  of  the  day 
was  hardly  perceivable. 

Telescopes  act  best  when  used  in  the  same  direc- 
tion that  the  Sun  Shines.  Mr.  Varley  observes, 

“ I have  known  Good  Telescopes  condemned  by 
trying  them  upon  objects  situated  towards  the  East  | 
in  the  morning,  the  South  at  midday,  or  the  West 
in  the  evening.” 

OF  THE  FIELD  OF  VIEW. 

The  field  of  view  in  Telescopes  constructed  with 
Convex  Eye-glasses —is  (regulated  by  the  Stop  which 
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is  placed  in  the  focus  of  the  1st  Eye-glass,  or  that 
next  to  the  Eye ; — ^the  diameter  of  the  Stop  is  regu- 
lated by  the  diameter  of  the  2d  Eye-glass,  the  dia- 
meter of  which  varies)  according  to  the  Magnifying 
I poiver  used.  If  the  Stop  be  opened  larger  than  the 
I 2d  E.  G.  it  will  produce  a strong  Orange  Colour 
1 around  a very  indistinct  margin. 

I The  Apparent  Field  may  be  easily  ascertained  by 
I measuring  the  number  of  degrees  contained  in  the 
I space  taken  in  by  the  Telescope  when  directed  to 
I the  heavens,  or  to  some  very  distant  objects.  Thus, 

( as  the  apparent  field  of  the  Full  Moon  is  about  half 
I a degree,  if  the  Telescope  only  take  in  the  Moon,  we 
say  its  field  is  half  a degree  ; and  ceeteris  paribus  ” 
the  field  of  view  becomes  smaller  as  the  magnifying 
power  becomes  larger.  The  distance  between  the  two 
pointers  of  the  Great  Bear  is  nearly  five  degrees.  I 
mention  this,  to  help  the  eye  to  estimate  distances  in 
the  heavens. 

With  the  same  Magnifying  power,  the  field  of 
view  is  the  same^  whether  the  Aperture  of  the  Tele- 
scope be  Owe  Inch,  or  Three.  This  is  easily  proved, 
by  contracting  the  Aperture  of  a Three  Inch  Tele- 
scope to  One  Inch,  when  the  field  of  view  will  remain 
the  same  ; — you  will  find  that  the  only  difference  in 
its  appearance,  is  the  diminution  of  the  brightness 
of  it. 

But  with  Perspectives  or  Galilean  Telescopes, 
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or  Opera  Glasses  which  have  a Concave  Eije- 
glass — llie  Field  of  View,  when  they  do  not  mag- 
nify more  than  Twice,  depends  in  a great  measure 
on  the  Diameter  of  the  Object-Glass. 


CHAPTER  XL 


HINTS  FOR  SHEWING  CELESTIAL  OBJECTS  TO 
PERSONS  WHO  HAVE  NEVER  SEEN  THEM 
BEFORE  ; AND  OBSERVATIONS  ON  THE  IMPORT- 
! ANCE  OF  THE  PORTRAITS  OF  THE  PLANETS, 

^ AND  THE  DIAGRAMS  OF  DOUBLE  STARS. 

The  Editors  of  former  Optical  and  Astronomical 
works  seem  not  to  have  been  sufficiently  sensible  of 
the  importance  of  presenting  to  the  Eye  accurate 
:i  Portraits  of  the  subjects  of  the  Astronomer’s  con- 
i templation . 

Nature  has  given  Eyes  to  all,  an  Understanding  to 
I few.  Ocular  demonstration  is  not  only  more  de- 
^tsirable  pe?'  se,  but  is  more  generally  comprehensible 
than  description ; in  the  ratio,  that  more  men  can 
«see  than  can  reason. 

However,  it  does  not  appear  to  me  that  any  of  the 
Representations  of  the  Moon  or  Planets  given  in 
^former  publications  have  been  taken  from  Nature — 
^excepting  Russell’s  moon,  and  Dr.  Herschel’s  prints, 
Rn  the  Phil.  Trans.)  : the  Moons  are  miserable  imi- 
tations of  Hevelius’s  or  Cassini’s ; and  the  only 
Rlrawings  of  Saturn  that  in  anywise  resemble  the 
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Planet,  are  bad  copies  of  that  made  with  Mr.  Had- 
ley’s Newtonian  Reflector  in  1723;  or  those  given  by 
Huygens  in  his  Sy sterna  Saturnium,  4to.  1569,  in 
page  16  of  which  work  he  has  given  a drawing  of 
the  Planet  without  its  Ring,  as  it  appeared  on  Jan.  16, 
1656;  in  p.  18,  the  reappearance  of  the  Ring  — 
and  in  pp.  21  and  24,  two  figures,  which  latter  are 
such  good  representations  of  Saturn,  I am  surprised 
to  find  neither  Belts  nor  Division  in  the  Ring  depicted, 
which  I think  must  have  been  visible  to  him,  if  he 
saw  the  Planet  as  large  as  his  print,  and  as  well 
defined;  in  p.  35  are  the  13  monstrous  strange 
pictures  of  Saturn  — which  are  copied  in  Dr.  Smith’s 
Optics,  &c.;  and  in  p.  55  is  the  drawing  of  the 
phases  of  the  Ring,  which  has  been  copied  into 
most  of  the  elementary  works  on  Astronomy. 

Most  of  the  other  Portraits  of  the  Planet,  &c.  are 
about  as  much  like  the  Originals,  as  the  sign  of 
‘‘  The  Seven  Stars”  on  the  alehouse  at  Brentford 
Butts  is  like  the  Pleiades. 

The  pictures  of  the  Planets  heretofore  given  in 
Astronomical  works,  seem  to  have  been  painted  by 
the  Imagination,  rather  than  with  the  Eye,  and 
remind  one  of  the  productions  of  some  of  the  piimi- 
tive  Painters,  who,  with  a modest  consciousness  of 
their  lack  of  ability  in  their  Art,  or  the  want  of  discri- 
mination in  the  Spectators,  wrote  under  their  Pic- 
tures, “ This  IS  done  for  a Plach  Lion ; or.  This  is 
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a White  Cat;”  and  instead  of  the  Picture  illustrating 
the  press,  the  latter  was  employed  to  explain  the 
former. 

I consider  it  the  chief  merit  of  a Print  that  it  is 
; an  accurate  representation  of  the  actual  appearance 
» of  the  Planet  as  seen  in  a powerful  Telescope. 

, The  engraving  of  Saturn,  represents  that  Planet 
H as  it  appeared  in  1824,  through  my  Herschel  7 
! feet  Newtonian,  with  6^Lths  inches  aperture,  and 
b an  Huygenian  Eye-piece  magnifying  213  times  — 
3 and  in  a 5 feet  Achromatic,  of  Sy'^^ths  aperture, 
r magnifying  190  times ; — and  I trust  will  be 
t acceptable  to  those  who  have  not  an  Instrument 
i of  sufficient  perfection  and  dimension  to  shew  the 
Original. 

It  is  sometimes  no  easy  matter  to  make  a Novice  see 
either  the  Belts  of  Jupiter — or  the  Belt  on  the  Body 
and  the  Division  in  the  Ring  of  Saturn,  the  separation 
of  Double  Stars,  &c.,  it  is  difficult  to  imagine  what 
appearances  are  described  by  those  Words — but  when 
they  have  been  pointed  out  in  a Portrait  of  them,  I 
have  found  people  discern  them  directly — and  can- 
didly declare,  that  they  knew  not  before  what  they 
were  to  look  for.  “ It  is  much  easier  to  see  an 
object  when  it  is  pointed  out  to  us,  than  when  it  falls 
in  our  way  unexpectedly,  especially  when  of  such  a 
nature  as  to  require  some  attention  to  be  seen  at 
all.”— Dr.  Herschel,  in  Phil.  Trans,  for  1782. 
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Therefore,  those  who  wish  to  entertain  their 
Friends  with  exhibiting  to  them  these  Celestial  Phe- 
nomena— should  first  clearly  explain  to  them,  what 
they  are  to  see,  by  shewing  them  a Portrait  of  the 
Object, — then,  give  them  a general  view  of  it  with  a 
low  power  of  60  or  80,  which  having  a large  field  ’ 
will  allow  the  Planet  to  remain  in  view  for  a couple 
of  minutes  — and  then  refer  again  to  the  Portrait  J 
of  it:  — when  thus  prepared,  the  Exhibitor  may  ! 
proceed  to  apply  such  Magnifying  powers  as  are  ^ 
best  suited  to  the  size  of  the  Telescope  and  the  ! 
nature  of  the  Object  to  be  observed. 

A mode  of  calculating  the  due  degi’ee  of  Magni- 
fying power  for  each  Telescope  and  each  object,  I 
shall,  in  the  following  pages,  I hope,  succeed  in  ex- 
plaining in  the  clearest  manner. 

A Telescope  for  shewing  other  Persons,  should 
have  for  a Finder^  a one  foot  Achromatic  with  a 
power  of  15  times,  with  several  cross  wires;  this  ; 
should  stand  out  so  far  from  the  Telescope  that  One,  | 
Person  may  conveniently  look  through  it,  while  an-  < 
other  is  observing  through  the  Telescope ; and  by 
means  of  Rackwork  the  person  looking  through  the 
Finder  may  easily  keep  the  object  in  the  field 
of  the  Telescope,  provided  it  does  not  magnify 
more  than  130  times  ; almost  as  convenient  a mode 
of  observing  with  a common  binder  may  be  pio- 
duced  by  fixing  before  the  Eye-tube  a plain  small 
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speculum  set  in  an  angle  of  45  degrees — or  any  of 
the  diagonal  Eye-tubes. 

It  is  extremely  tiresome  and  fatiguing  to  the  Eye 
to  be  continually  finding  objects  for  People  who 
are  unacquainted  how  to  keep  them  in  the  field  when 
they  have  got  them;  and  no  Object  should  be  shewn 
to  such  folk  that  requires  more  than  130  times  to 
render  it  plainly  visible. 

When  a Telescope  magnifies  130,  the  objects  pass 
the  field  very  rapidly ; that  is,  in  my  5 feet  Achro- 
matic, with  the  Huygenian  Eye-piece,  which  magni- 
fies 130  times,  in  1 minute  and  30  seconds  — and  the 
objects  are  perfectly  distinct  only  during  |ds  of  that 
time,  as  the  Margin  of  that  Field  is  seldom  distinct 
with  the  same  adjustment  as  is  requisite  for  the 
Middle  of  the  Field. 

Appointments  to  view  Celestial  Bodies 
are  seldom  kept  punctually  by  Terrestrial  Bodies. 
The  Exhibitor  is  expected  to  stay  at  home  whether 
the  night  be  fair  or  foul  — the  Invited  tell  him  when 
they  see  him,  perchance  a month  after — “ Well,  friend 
Astronomer,  I thought  you  would  not  expect  us  — 
the  weather  was  so  exquisitely  uncertain!”  Now,  if 
the  Sky  had  cleared  up  during  any  half-hour  in  the 
Evening,  these  selfish  triflers  would  have  cried  out 
for  Ever  and  Aye,  if  they  had  come  and  not  found 
their  Showman  at  home  — therefore,  always  make  a 
positive  Bargain,  that,  hit  or  miss,  whether  Fine  or 
Foggy,  You  come  here  at  such  an  hour  if  you  expect 
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Me  to  stay  at  home, — is  it  not  clear  enough  to  the 
humblest  capacity,  that  it  is  merely  common  Good 
Manners,  if  you  expect  me  to  entertain  You  if 
it  is  Fine  — that  you  should  come  and  amuse 
me  (if  you  can)  if  it  is  Foggy.  Tell  all  who  purpose 
to  visit  your  Observatory  that  these  are  the  conditions. 
Those  Planet-struck  persons  who  do  not  comprehend 
the  Equity  of  this  doctrine  are  better  without  your 
Doors  than  within  them.  You  will  certainly  not 
suffer  any  such  Ill-bred  Idlers  to  play  you  such  a 
trick  Twice,  unless  They  have  a much  larger  stock 
of  Impudence  than  you  have  of  Understanding. 


CHAPTER  XII. 


HOW  TO  CHOOSE  AND  HOW  TO  USE  THE  MAGNI- 
j . EYING  POWERS  FOR  DAY  TELESCOPES. 

IThe  degree  in  which  Magnifying  Power  may  be 
I applied,  depends  on  the  Dimensions  and  the  De- 
; fining  Power  of  the  Telescope,  on  the  Distance  of  the 
i Object,  the  degree  in  which  it  is  illuminated,  and 
I the  state  of  the  Atmosphere : it  is,  therefore,  very 
I difficult  to  fix  precise  limits  to  it  by  General  Rules. 

To  afford  an  opportunity  of  trying  many  entertain- 
'ing  experiments,  the  Day  Eye-tube  of  an  Achromatic 
Telescope  should  have  a Pipe-Drawer. — See  index. 

The  Screw  which  receives  the  tube  that  contains 
'the  two  first  Glasses  should  be  the  same  as  the  screw 
twhich  is'at  the  Eye-end  of  the  Telescope. 

The  Two  first  Eye-glasses  should  be  fitted  into  a 
sliding  tube  within  the  Pipe-drawer — which  by  sepa- 
nating  from  the  3d  and  4th  Eye-glasses  will  increase 
fthe  Magnifying  power  |.ds — thus,  if  the  power  is  30 
iwhen  the  tube  is  shut  in,  when  pulled  out  to  its  ex- 
treme separation  it  will  be  50. — See  p.  32. 

All  Day  Eye-tubes,  especially  of  the  Sliding  Tele- 
♦<copes,  which  are  called  Military  Telescopes,  should 
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be  thus  constructed  — the  additional  Expense  or  the 
Weisrht  of  the  inner  brass  tube  is  a mere  trifle — this 

O 

is  an  extremely  convenient  contrivance,  as  it  enables 
you  to  obtain  the  exact  degree  of  Magnifying  power 
adapted  to  the  state  of  the  Atmosphere,  and  the 
nature  and  distance  of  the  Object — and  serves  the 
purpose  of  several  Eye-pieces. — Read  the  Chapter  on 
The  Paricratic  Tye-Tuhe. 

The  most  regular,  and  most  satisfactory  manner  of 
arranging  the  Magnifying  Powers  of  Telescopes, 
would  be  in  the  order  of  the  Diameters  of  the  Pencil 
of  Rays  transmitted  by  them,  beginning  at  of 
an  Inch  for  a Night-glass,  &c.,  and  proceeding  to 
4^0 th  of  an  Inch  for  very  bright  Day  Objects  and 
Planets. 

The  Magnifying  Power  which  is  given  by  reducing 
the  diafiieter  of  the  Object-glass  into  Tenths  of  . 
Inches,  and  multiplying  that  by  Two,  is  the  power 
usually  put  to  the  ordinary  Day  Eye-tube  q/  an  Ach?'o- 
matic  Telescope — and  with  this.  You  will  have  all  the 
advantage  that  Illuminating  power  can  give,  that  is  to 
say,  as  low  ^a  Power  as  is  wanted  for  any  purpose 
except  a Night-glass,  by  reducing  the  aperture  of  a 30 
Inch  Achromatic,  which  is  usually  2 inches,  into 
tenths,  which  gives  20  for  the  Magnifying  power  : — 
multiplying  that  by  2 will  give  the  power  usually 
applied  to  such  a Telescope  for  Day  purposes — that 
is,  40  for  a 30  Inch  with  an  aperture  of  2 inches— and 
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; 54  in  a 3J  feet,  with  an  aperture  of  2.^^^ths  inches, 
the  diameter  of  the  Pencil  of  Rays  will  then  be  the 
twentieth  of  an  inch — multiply  by  3,  and  you  will 
I have  a high  power  for  clear  days, — by  4,  and  you 
i will  have,  in  a 30  Inch  Telescope,  of  2 inches  aper- 

i ture,  a power  of  80  and  a pencil  of  the  40th  of  an 
inch  in  diameter,  which  is  as  small,  and  the  Magni- 
fying  power  as  large,  as  the  Illuminating  power  of 
the  Object-glass  will  bear  for  Day  purposes,  except  in 

; extraordinarily  fine  Clear  days,  and  on  Objects  which 
I are  uncommonly  well  lighted  up.  (See  page  206.) 

I have  used  150  with  an  aperture  of  2^^^ths  inches, 
I with  great  advantage,  when  a mile  or  two  from  the 

ii  suburbs  of  the  City:  — it  is  astonishing  how  very 
i much  more  transparent  the  Air  is  only  half  a mile 
' from  the  borders  of  London  ; so  much  so,  that  a Tele- 
scope will  act  in  an  incredibly  superior  manner  ! — 
rnethinks  I hear  the  Reader  sigh,  to  think  what  hard 
work  the  Lungs  of  our  good  Londoriers  have  to  per- 
form,to  extract  Vital  air  from  such  a mass  oj^  Vapours! 

The  Extent  of  Vision  is  limited  by  the  myriads  of 
; heterogeneous  particles  which  are  constantly  floating- 
in  the  Atmosphere,  these  form  a kind  oT  veil  which 
obscures  distant  objects,  and  the  more  the  atmo- 
spheric medium  is  loaded  with  these  particles, — the 
more  a Telescope  magnifies,— the  more  distant  the 
Object  from  it — and  the  nearer  it  is  to  the  horizon, 
ithe  more  obscure  and  indistinct  becomes  the  Vision, 

ISO  — 
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Ibr  determining  the  sharpness  of  Day  Telescopes, 
try  them  at  objects  not  more  than  a hundred  Yards 
distant;  — at  an  object  half  a mile  distant,  in  many 
days  of  the  Year  you  can  hardly  tell  a good  Glass 
from  an  indifferent  one. 

The  exhalations  which  continually  arise  from  the 
Earth  augment  the  above-mentioned  impediments, 
and  render  the  air  less  transparent,  especially  near  the 
horizon  : but  the  obscurity  arising  from  the  exhalations 
is  not  the  least  part  of  the  inconvenience  which  they 
occasion ; they  have  an  undulating  motion  like  that  of 
smoke  or  steam,  so  that  objects  seen  through  them, 
appear  to  have  a tremulous  or  dancing  motion,  which 
is  sometimes  sensible  even  to  the  naked  Eye. 

If  Distant  objects  are  viewed  on  a hot  Summer’s 
day,  this  impediment  to  vision  is  sometimes  so  strong, 
as  to  render  Telescopes  entirely  useless  for  Terrestrial 
purposes  when  they  magnify  more  than  60  or  70 
times. 

These  Obstacles  often  prevent  our  using  Large  In- 
struments and  Large  Magnifying  powers  with  any 
thing  like  that  advantage,  which  those  who  are  unac- 
quainted with  these  things,  imagine  that  they  may 
be  employed  : — for  views  of  more  than  two  miles 
distant,  and  for  half  the  days  in  a year,  an  Acliro- 
matic  of  Two  inches  apeilure,  or  a Gregorian  of 
Four,  will  do  almost  as  much  as  any  larger  Tele- 
scope.—See  a particular  account  of  a 2 feet  Grego- 
rian Telescope  s p.  117  of  Chapter  VII.  on  Reflectors. 
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We  should  never  use  a higher  Magnifier  than  we 
absolutely  want; — ’the  lower  the  Power,  the  more 
beautiful  and  brilliant  the  Object  appears:  — the 
field  of  view  is  proportionately  large,  more  uni- 
formly good  and  distinct,  — and  the  motion  of  the 
objects  passing  it  proportionately  less: — thus  they 
I may  be  observed  with  greater  ease  and  quiet  atten- 
tion.— See  an  account  of  the  time  which  a Celestial 
Object  is  passing  through  the  field  of  JEye-tuhes  of 
different  magnifying  power,  p.  47. 

There  is  no  use  in  the  pencil  of  rays  being  of 
larger  diameter  than  the  Optic  pupil ; this  varies  in 
magnitude,  according  to  the  brightness  of  the  object 
presented  to  it,  from  One  to  at  least  Two -Tenths 
1 of  an  Inch. — See  the  Frontispiece  to  the  First  Part 
1 of  the  Economy  of  the  Eyes. 

When  the  light  is  too  strong,  or  the  Object  is  too 
bright,  the  Pupil  instinctively  contracts  to  intercept 
that  excess  of  light  which  would  otherwise  offend 
the  eye : — when  the  Light  is  faint,  the  Pupil  ex- 
pands, that  a greater  quantity  of  light  may  enter 
the  Eye,  and  thus  make  a stronger  impression  upon  it. 

This  contraction  and  dilatation  of  the  Pupil  may 
be  observed  by  holding  a looking-glass,  (or,  what  is 
still  better,  the  lowest  small  speculum  of  a Gregorian 
telescope,)  before  your  Eye  at  a window,  and  turning 
gradually  from  it,  continually  looking  at  the  Eye. 
It  may  be  more  easily  and  perfectly  seen  by  atten- 
tively watching  the  eye  of  another,  during  such  a 
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change  of  position ; I think  it  is  most  agreeably  ob- 
served in  a fine  full  bright  Blue  Eye. 

Ordinal' 1/ Portable  Achromatic  Telescopes  (see  p.  24,) 
are  often  charged  with  so  low  a power  for  Terrestrial  _ 
purposes,  that  they  are  rather  calculated  for  Night-  , 
glasses,  than  Day  telescopes ; this  is  done  to  suit  the 
convenience  of  common  purposes,  and  because  they- 
are  mostly  used  without  a stand,  without  which  a 
higher  pov/er  would  be  useless  : — if  the  Object-glass 
be  good,  they  will  carry  at  least  one-third  more  power 
than  they  are  commonly  charged  with.  When  I 
read  this  remark  to  an  Optician,  he  said,  “ Yes,  that  is 
all  right  if  the  instrument  was  to  be  used  on  a Stand, 
and  by  a person  in  the  habit  of  adjusting  a Telescope, 
otherwise,  the  absolute  necessity  of  the  positive  focus 
being  found,  would  be,  to  common  untaught  Eyes, 
a difficulty  they  would  not  so  easily  overcome.” 

The  magnifying  powers  affixed  to  the  above-men- 
tioned Telescopes,  in  the  7th  column  of  the  Table  of 
Achromatics,  (see  p.  24,)  are  those  they  are  usually 
charged  with.  | 

If  they  are  fine  Instruments,  they  will  bear  much  ^ 
higher  powers;  and  all  Portable  Sliding  Telescopes 
should  have  a Separating  Eye-tube  or  a Pancratic 
but  it  requires  some  practice,  and  a steady  hand,  to 
use  higher  Magnifiers  with  advantage,  the  tremours 
of  the  hand  and  the  body  being  magnified  in  propor- 
tion to  the  Magnifying  power ; so  that  persons  who 
are  not  accustomed  to  use  a Telescope,  even  with 


DAY  TELESCOPES. 


197 


1 the  common  powers,  complain  of  great  difficulty  either 
i in  finding’  or  keeping  an  object  in  the  field  of  view. 

A Walking-stick,  introduced  into  the  waistcoat 
I pocket,  is  a good  steadying  Staff. 

Opticians  have  constructed  various  very  steady,  and 

PORTABLE  AND  FOLDING  STANDS, 

some  of  which  double  together  into  the  form  of  a 
Walking  Stick. 

A Stand  is  always  a desirable,  indeed  an  indis- 
: pensable,  apparatus,  if  you  wish  to  shew  an  object 
: to  another  person. — Stands  must  be  steady  in  pro- 
>1  portion  to  the  Magnifying  power  employed. 

Brass  and  other  stands  are  now  made  so  very  light 
I and  portable,  they  are  most  desirable  companions  to 
a Telescope. 

My  favourite  Portable  Stand  was  contrived  for  me  by 
I that  ingenious  and  excellent  Workman,  Mr.  P r i c e,  o/ 
lettei' Lane,  Fleet  Street — it  has  arising  pillar,  with  a 
collar  and  clip  at  the  top  to  fix  it  firmly  at  any 
■ height — a hinge  to  the  clip  which  is  screwed,  not 
soldered  on  ,•  a Finger  Screw  to  regulate  the  tight- 
ness of  the  Vertical  motion,  and  it  may  be  detached 
fiom  the  Brass  Legs  and  put  into  a Tripod,  which 
folds  in  the  form  of  a Walking  Stick. 

Care  should  be  taken  to  fix  a Telescope  on  the 
Stand  in  the  centre  of  Gravity,  and  that  it  is 
balanced  as  evenly  as  possible  when  the  Cap  of  the 
Object-end  is  off. 
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It  will  very  much  assist  the  Eye  to  wear  a kind  of 
goggle,  big  enough  to  go  over  the  Eye-piece,  to 
defend  the  organ  of  vision  from  the  intrusion  of  col- 
lateral rays,  which,,  without  such  a shield,  distract 
and  strain  the  sight,  and  prevent  the  perfect  adjust- 
ment of  the  Eye,  by  its  receiving  the  stimulus  of 
surrounding  objects  and  light, — at  the  time  its  whole 
attention  should  be  confined  to  the  pencil  of  rays 
from  the  Telescope ; this  may  be  made  either  of 
Leather,  or  Black  Silk  stiffened  with  varnish  — and- 
raay  be  very  easily  attached  either  to  the  Eye-head 
or  to  a Spectacle  frame. 

THE  EYE-HEAD 

should  be  of  Black  Ivory,  not  less  than  an  inch  and 
■|ths  in  diameter,  and  made  Concave  something  in 
the  form  of  an  Eye-bath — or  a semi  cone  forming  a 
shade  on  the  side  similar  to  those  prefixed  to  the 
Tubes  used  for  viewing  Pictures — so  that  it  may 
form  a Screen  around  the  Eye,  and  prevent  the  in- 
trusion of  any  rays  upon  the  retina,  except  those 
coming  directly  from  the  Glass  — this  will  not  only 
improve  the  Vision  very  much,  but  render  it  much 
easier  to  the  Eye,  which  cannot  adjust  itself  per- 
fectly, while  it  is  exposed  to  the  stimulus  of  surround- 
ing Objects. 

Such  defence  from  the  intrusion  of  collateral  rays 
will  prevent  the  picture  on  the  retina  being  con- 
fused by  those  adventitious  rays  which  otherwise 
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i distract  it ; if  only  those  rays  are  admitted  into  the 
Eye  which  come  direct  from  the  object  under  ex- 
j amination,  it  will  make  a more  vivid  impression  on 
I the  Sight,  which  will  be  sharpened  and  strengthened 
1 very  much. 

This  is  worthy  the  attention  of  all  who  wish  their 
Eyes  to  enjoy  the  utmost  sensibility  that  they  are 
capable  of  being  excited  to — because. 

The  action  of  the  Eye,  like  the  action  of  a Tele- 
scope, is  perfect,  in  the  proportion  that  its  adjust- 
ment is  perfect,  when  all  its  attention  is  concen- 
trated on  one  object,  the  sensibility  of  the  Sight  is 
much  increased;  — moreover,  you  will  not  only  see 
i better,  but  Vision  being  rendered  easier,  your  Eyes 
may  be  employed  longer,  with  less  fatigue, 

■ The  Eye  will  be  sensible  of  this  assistance  in  the 
1 Daytime,  but  more  especially  when  observing 
1 Planets  or  Stars  on  Moonlight  nights. — See  Dewcap 
s and  Black  Hood,  in  the  Index. 

* 
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THE 

PANCRATIC  EYE-TUBE, 

INVENTED  BT 

WILLIAM  KITCHINER,  M.D. 

Is  applicable  to  Achromatic*  and  Reflecting 
Telescopes  of  all  Lengths,  and  also  to  Micro- 
scopes. 

This  Eye-Tube  is  applied  to  the  Telescope  in  the 
same  manner  as  other  Eye-tubes,  and  is  adjusted  to 
distinct  Vision  by  the  same  Pinion  motion. 

For  the  Lowest  Magnifying  power,  the  Three 
Inner  tubes  must  be  shut  up  within  the  Outer  one ; — 
when  the  Magnifying  power  is  to  be  increased,  the 
smallest  of  the  sliding  tubes.  A,  must  be  drawn  out 
to  either  of  the  numbers  engraved  upon  itj  care 
being  taken  not  to  draw  out  any  part  of  the  other 
sliding  tubes,  B and  C,  until  the  whole  of  the  First, 
A,  is  pulled  out ; — ■ the  Second  tube,  B,  may  then  be 
drawn  out  to  either  of  the  numbers  engraven  thereon ; 
and  in  like  manner  the  Third  tube. 

* Those  in  whicli  the  Errors  arising  from  Colorific  refraction, 
are  corrected  by  tlie  figure,  position,  and  refractive  power  of  die 
Lenses  which  constitute  the  Object-glass. 
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The  numbers  engraved  on  the  Tubes,  denote  the 
I Magnifying  power  of  the  Telescope. 

To  change  the  Power  for  any  less  power  than  the 
one  to  which  the  tubes  have  been  drawn  out,  the 
reverse  of  the  above-described  mode  of  proceeding 
must  be  observed; — the  largest  tube  must  be  re- 
: turned  first,  and  so  on,  until  they  have  been  brought 
iback  to  the  number  required. 

Each  alteration  oj  the  NLagnifying  •power  will  I’e- 
quire  a new  adjustment  of  the  Pinion; — .as  the  Mag- 
nifying power  is  increased,  the  distance  between  the 
Eye-glass  and  the  Object-glass  must  be  diminished. 

“ It  has  long  been  known,  that  the  Magnifying- 
powers  of  Telescopes  could  be  augmented  by  increas- 
ing the  distance  between  the  two  glasses  next  to  the 
Eye,  and  the  two  that  are  next  to  the  Object-glass, 
to  almost  double  the  power  of  the  Eye-tube  in  its 
usual  fonn,  i.  e.  from  30  to  55.  This  is  the  utmost 
that  Opticians  have  heretofore  accomplished;  — yet 
this  variation  is  so  desirable,  that  I think  it  only  re- 
quires to  be  generally  known,  to  be  generally  desired, 
both  for  Convenience  and  Cheapness*. 

A few  months  ago,  I saw  an  Eye-tube,  made 

• Before  Mr.  Jesse  Ramsden  invented,  about  1785,  The  Fipe- 
Diawcr  for  the  Terrestrial  Eye-tube  of  an  Achromatic — and 
'(changed  the  Magnifying  power,  by  changing  the  two  Glasses  next 

ito  the  Eye— for  whicli  lialf  Eye-tube  he  charged  half  a Guinea 

ilfor  every  change  of  Magnifying  power,  there  was  the  incumbrance 
••md  expense  of  another  Eye-tube,  costing  £l.  Is. 
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by  Mr.  Cauchoix,  with  a scale  of  magnifying 
powers  from  25  to  73 ; but,  upon  ti-ial,  I found  that 
the  vision  was  perfectly  good  only  between  35 
and  45, 

“ My  attention  was  strongly  excited  by  the  idea 
of  One  Eye-tube  effecting  the  whole  business  of 
Magnifying ; and  after  several  experiments,  wdth  the 
assistance  of  Mr.  S.  Pierce,  I combined  lenses  of 
such  proportions,  that  they  admitted  of  being  sepa- 
rated from  each  other  so  as  to  Magnify  at  one  extre- 
mity, more  than  double  what  they  did  at  the  other, 
the  vision  continuing  uniformly  distinct. 

“ Having  now  done  more  than  had  been  previously 
effected,  I brought  it  to  You.  The  approbation  You 
expressed  of  what  I had  done,  so  encouraged  me, 
that  I applied  unceasingly,  determined  to  perfect  the 
object  in  view,  which  I have  now  accomplished. 

“ I beg  to  present  to  you  the  following  accurate 
measurement  of  the  powers,  and  faithful  account  of 
the  performance  of 

“ The  Pancratic  Eye-Tube,  which  I think 
gives  a better  defined  image  of  a fixed  Star,  — and 
shews  Double  Stars  decidedly  more  distinct*,  and 
' perfectly  separated,  than  any  other  Eye-tube,  and  I 
hope  will  enable  us  to  determine  tlie  distances  of 

* Especially  in  Achromatic  Telescopes,  which  are,  what  is 
termed,  a little  over-correctcd,  and  the  purple  rays  predominate  . 
Uiat  is,  when  the  focal  length  of  the  Convex  Lens,  is  formed  rather 
too  long  for  the  Concave. 
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these  objects  from  each  other,  in  a more  perfect 
manner  than  has  been  possible  heretofore*. 

“ This  Eye-tube,  when  accurately  made,  applied 
to  an  Achromatic  of  44  inches  focus,  produces,  in 
the  most  perfect  manner,  every  intermediate  degree 
of  Magnifying  power  between  100  and  400,  either 
for  -Celestial  or  Terrestrial  uses  — the  Fields  of 
Vision  conlinuing  uniformly  distinct, 

* This  is  accounted  for,  from  the  greater  degree  of  the  aberration 
arising  from  the  extreme  sphericity  of  the  lenses  in  Eye-pieces 
composed  of  One  or  Two  lenses  which  magnify  so  highly.  “ If 
any  one,  for  instance,  would  have  the  visual  angle  of  a Telescope 
to  contain  20  degrees,  the  extreme  pencils  of  the  field  must  be 
bent  or  refi-acted  in  an  angle  of  10  degrees  ; which,  if  it  be  per- 
formed by  One  Eye-glass,  will  cause  an  aberration  from  the  figure, 
in  proportion  to  the  cube  6f  that  angle  : but  if  Two  Eye-glasses  are 
so  proportioned  and  situated,  as  that  the  refraction  may  be  equally 
divided  between  them,  they  will  each  of  them  produce  a refraction 
equal  to  half  the  required  angle:  and  therefore  the  aberration 
being  in  proportion  to  the  cube  of  half  the  angle  taken  twice  over, 
will  be  but  a fourth  part  of  that  which  is  in  proportion  to  the  cube 
of  the  whole  angle ; because  twice  the  cube  of  One  is  but  f th  of 
the  cube  of  Two ; so  the  aberration  from  the  figure,  where  Two 
Eye-glasses  are  rightly  proportioned,  is  but  ^th  of  what  it  must 
unavoidably  be  where  the  whole  is  performed  by  a Single  Er/e~ 
glass. — See  Mr.  J.  Dollond’s  Letter  to  Mr.  Short,  Thil.  Trans, 
for  1753 — and  see  a luminous  paper  on  the  Aberrations  of  Com- 
pound Jj;nscs  and  Object-Glasses,  by  J.  F.  W.  IIerschel,  Esq,, 
F.R.S.  in  the  Phil.  Trans,  for  1821. — See  a proof  that  the  Theory  of 
this  profound  Mathematician  is  practically  true,  in  Chapter  XX. 
of  this  work. 

t It  may  be  said  that  common  Eye-tubes  have  rather  a large 
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“ Therefore  it  is  presumed,  that  the  advantage  of 
my  Pancratic  Eye-tube  over  the  usual  common 
Eye-tube,  in  variety  of  Magnifying  power,  — conve- 
nience,— cheapness, — and  portability, — is  as  300  to 
1. — The  cost  of  a common  Eye-tube  is  One  Pound  ; 
of  the  Pancratic  only  Two  Pounds,  Two  Shillings. 

“ The  Tubes  are  graduated;  every  10  degrees, 
thus,  100,  110,  120,  up  to  400. 

''  The  change  from  one  Power  to  another  may  be 
made  instantaneously,  with  the  utmost  facility  and 
certainty,  and  the  Observer  always  knows  exactly 
what  power  he  is  using.” 

[The  above  is  an  extract  from  Dr.  Kitchiner’s 
Letter  to  Sir  Joseph  Banks,  P.R.S.,  which- was 
read  at  the  meeting  of  the  R.S.  on  the  20th  of  April, 
1820.] 

Another  is  made,  which  is  adapted  for  Terres- 
trial purposes.  Magnifying  with  an  Achromatic  of 
44  inches  focus,  from  55  to  200  times — and  with  a 
30  inch  from  40  to  160. 

The  power  it  will  give  to  a Telescope,  is  according 
to  the  focal  length  thereof,  and  is  easily  found  by  the 

field but  of  what  use  is  that  part  of  tlie  field  in  which  objects 

appear  distorted  and  fringed  witli  Colour ? 

That,  can  only  be  considered  the  actual  and  useful  field  of  view, 
the  Margin  of  which,  is  as  perfectly  distinct  as  tlie  middle  of  the 
field,  when  the  Telescope  is  adjusted  at  an  object  seen  in  the 
middle  of  the  field. 
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Rule  of  Three ; for  instance  — if  the  Telescope  be  of 
18  inches  focus  — 

If  a Telescope  of  44  ? Kr  C what  will  one  of  18 
Inches  gives  3 \ Inches  ? 

18 


440 

55 


44)990(22|  the  Magnifying 
88  Power  with  an 

18  Inch. 

110 

88 


22 

from  22g  times,  up  to  88 — being  as  low  a power  as 
is  requisite  for  Land  Objects — and  as  high  as  is  re- 
quisite to  shew  the  Ring  of  Saturn, — the  Belts  and 
Satellites  of  Jupiter,  and  several  Double  Stars. 

If  the  Pancratic  be  applied  to  a Telescope  with 
sliding  tubes,  it  is  desirable,  on  account  of  the  great 
power  it  produces,  that  it  should  have  a Stand  and 
an  Adjusting  Screw  with  a tooth  and  pinion;  these 
are  made  separate  from  the  Telescope,  and  intro- 
duced between  the  first  and  second  sliding  tubes — 
Mr.  Price,  of  Fetter  La?ie,  Fleet  Street,  made  such 
a one  for  me.— See  p.  197,  and  the  foot  of  p.  33. 

I he  Adnantage  — of  having  All  Powers  in  One 
Epe-tube  is  sufficiently  obvious. 

In  some  Clear  Days  the  Air  is  so  transparent,  that 
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we  can  nse  a power  of  100  for  Land  Objects,  and  on 
objects  well  illuminated  sometimes  150,  as  well  as  in 
some  other  days  we  can  a power  of  50. — See  the 
second  paragraph  in  p.  193. 

Telescopes  act  best  when  used  in  the  same  direc- 
tion that  the  Sun  shines.  — I have  known  good 
Telescopes  condemned  by  trying  them  upon  objects 
situated  towards  the  East  in  the  morning,  or  the 
West  in  the  evening. 

To  have  Perfect  Vision  — every  Day,  and  eveiy 
Object,  must  have  its  appropriate  degree  of  Magni- 
fying* power ! — this  can  only  be  accomplished  by 
the  Pancratic  Epe-tube. 

On  the  25th  of  March,  1819,  Mr.  Pierce,  the 
Optician,  with  a Pancratic  Eye-tube  which  made 
a 1 foot  Achromatic  magnify  80  times,  perceived 

a Geminorum  to  be  double 

On  the  5th  of  April,  1819,1  shewed  this  with  a 
power  of  80  to  Mr.  AYm.  Brockedon,  the  Paintei, 
and  to  Mr.  Charles  Turner,  the  Mezzotinto  En- 
graver in  Ordinary  to  His  Majesty. 

a Geminorum  requires  very  little  Illuminating 
Power  ; I have  shewn  it  to  several  persons  who  did 
not  know  that  it  was  a Double  star,  with  two  1 foot 

* “ The  EEFECTivE  Power  of  Telescopes  has  a considerable 
range  of  extent,— and  can  only  be  assigned— when  tlie  object  to 
be  viewed  is  given.”— Sir  Wm.  Ueiischel,  in  vol.  cv.  of  the 
Phil.  Tnins.  p.  294.,  and  the  abstract  therefrom,  at  the  end  of 
Chapter  X'^TI.  of  this  work. 
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portable  Telescopes,  with  an  Object-glass  of  the  usual 
1 apertui’e  of  l-^V^  diameter,  to  which  I 

applied  a Pancratic  Eye-tube,  which  gave  a power  of 
80  times,  and  they  described  to  me  its  appearance 
very  accurately. 

I have  seen  these  two  Stars  with  230  in  my 
Achromatic  Telescope  of  28  inches  focus,  and  2|ths 
! inches  aperture,  (which  was  made  by  the  present 
Mr.  Dollond  for  the  late  Mr.  G.  Hodgson,  at  whose 
sale,  in  February  1824,  I purchased  it,)  like  Two 
Shillings  on  a bit  of  Black  Cloth  — and  as  dis- 
tinctly, though  not  so  widely  separated  as  in  Sir 
Wm.  Hekschel’s  Diagram  of  Castor,  as  it  ap- 
peared in  his  7 feet  Newtonian  with  460. — See  the 
Phil.  Trans,  for  1782,  and  the  Frontispiece  to  this 
' work. 

s Bootis,  was  observed  on  the  25th  of  May,  1819, 

I by  Mr.  H.  Browne,  F.B.S.  and  myself,  with  an 
Achromatic  Telescope  of  2^Uths  aperture,  made  by 
Mr.  George  Dolland,  F.R.S.  With  a Pancratic 
Eye-tube  magnifying  270  the  two  Stars  were  per- 
fectly and  distinctly  defined,  without  either  rings  or 
rays,  8cc.  around  them.  This  was  in  a fine  clear 
evening — the  air  quite  still — and  the  star  very  near 
the  meridian.  The  Blue  colour  of  the  smaller  star 
was  remarkably  bright  for  so  small  an  aperture.' — 
This  Double  Star  is  very  rarely  seen  quite  distinctly, 
in  an  Achromatic  with  a less  aperture  than  3|,  or 
in  a Gregorian  Reflector  of  less  than  5 inches,  and 
a Power  of  at  least  270. 
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Sir  William  Herschel  saw  it  in  his  7 feet  New- 
tonian when  its  aperture  was  limited  to  3^  inches; 
“ with  460  the  vacancy  between  the  Stars  was  | a 
diameter  of  the  smallest.” — See  Phil.  Trans,  vol.  xcv. 
p.  42. 

Well  might  Dr.  Maskelyne  say,  that  “ Telescopes 
of  Sir  Isaac  Newton’s  construction  perform  most 
excellently  in  the  Minutiae  of  Astronomy,  especially 
if  small  Apertures  and  long  Foci  are  made  use 
of.” — ^See  Supplement  to  the  Nautical  Almanack  for 
1787,  p.  42. 

N.B.  The  Reader  is  cautioned,  that  my  Pancratia 
Eye-tube,  is  composed  of  Three  Inner,  and  an  Outer 
Tube,  and  that  when  all  drawn  out,  it  is  14  inches 
and  gths  in  length  ; — when  shut  up,  not  more  than 
51  inches ; — and  that  when  drawn  out,  the  magnify- 
ing power  is  Quadruple  what  it  is  when  the  tubes 
are  shut  up. 

As  I have  no  Interest  in  the  sale  of  this  Eye-tube, 
I have  considered  myself  at  liberty  to  state  my 
opinion  freely  upon  it — it  is  made  by  Mr.  Dollond, 
and  sold  at  £2.  2s.— for  £1.  Is.  more  than  the  com- 
mon Eye-tubes. 

On  the  old  Plan,  Two  Magnifyiirg  powers  cost 
£2.  2s. : with  the  Pancratic,  you  have  Thbee  Hun- 
dred for  £2.  2s. 

None  are  Genuine  but  those  precisely  answering 
* the  above  description,  and  which  e.xactly  resemble 
the  engraving  opposite  page  130,  and  have  the  fol- 
lowing inscription  engraven  on  the  Outer  Tube  . 
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; “The  Pancuatic  Eye-tube:  Invented  by  Wm. 
I Kitchiner,  M.D.” 

I This  remark  is  necessary,  because  certain  persons 
have  found  it  convenient  to  construct  Counterfeits  * 
made  with  only  One  Tube  — which  have  not  half 
the  variety  of  powers  the  Pancratia  has,  and  conse- 
quently, magnify  not  Half  so  low— nor  Half  so  high 
as  they  ought. 


* To  construct  this  Eye-tube  perfectly,  requires  All  care  and 
excellent  workmanship— the  Lenses  must  be  All  of  exactly  the 
right  focus—All  without  any  blemish — and  the  Glasses  and  the 
Tubes  containing  them  must  be  very  truly  centred  with  regard  to 
each  other,  and  to  the  Object-Glass. 


S 


CHAPTER  XIV. 


MAGNIFYING  POWERS  FOR  ASTRONOMY. 

You  should  not  have  less  than  Nine  Eye-tubes 
for  Celestial  purposes,  or  your  Economy  will  be  as 
unwise  as  that  of  the  Cook  who  “ spoilt  the  Broth 
for  want  of  a Halfpennyworth  of  Salt” — each  Eye 
must  have  the  Telescope  adjusted  to  its  own  peculiar 
focus,  — Each  Object  must  have  its  own  peculiar 
magnifying  power. 

These  Eye-tubes  cost  about  £1.  Is.  each. 

15  for  Comets, 

45  for  the  Sun,  or  Moon,  Nebula,  &c. 

60  for  Ditto. 

80  for  Jupiter  and  his  Moons. 

130  for  Jupiter  and  Saturn. 

160  for  Ditto. 

200  for  Ditto,  and  Double  Stars. 

300  for  Double  Stars. 

400  for  Ditto, 

For  more  particular  directions  for  the  application 
of  these  Eye-pieces,  see  p.  47  of  Chapter  IV.  on 
a 3|  a?id  a b feet  Achromatic  — page  140  of 
Chapter  VIII.  on  a 7 feet  Neiotonian — and  the  fol- 
lowing Chapter. 

When  two  or  more  Glasses  are  fixed  into  a tube, 
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at  certain  distances  from  each  other,  they  are  called 
A71  Eye-piece;  and  whether  intended  for  erect  or 
inverted  vision,  they  are  in  fact  compound  Micro- 
scopes, whereby  the  image  of  an  object,  formed  in 
the  focus  of  the  Object-Glass,  is  seen  and  mag- 
nified. 

The  Glasses  must  be  perfectly  well  polished,  and 
as  thin  as  possible  for  their  curvature ; which,  to- 
gether with  their  distance  from  each  other,  must  be 
so  proportioned,  that  the  visual  angle,  or  field  of 
view  of  the  Telescope,  be  as  large  as  possible,  and 
uniformly  distinct  to  the  very  edge  of  it : and  it  is 
absolutely  necessary  in  the  setting  of  them,  that  the 
. centre  of  the  Glasses  be  placed  exactly  in  the  axis 
■ of  the  Tube,  and  the  surface  of  them  fitted  into  the 
p cells  exactly  parallel  to  each  other. 

The  Astronomical  Eye-pieces  for  Achromatic  and 
Newtonian  Telescopes,  are  usually  of  the  Huy  genian 
I construction,  and  are  composed  of  two  plano-convex 
f Glasses,  whose  plane  sides  are  next  to  the  Eye,  and 
I whose  foci  are  as  1 to  3.  If  a plano-convex  lens  of 
one  inch  focus,  be  placed  at  two  inches  distance  from 
one  of  three  inches  focus,  their  magnifying  power 
will  be  equal  to  a single  lens  of  one  inch  and  a half 
focus ; the  lens  next  to  the  Eye  is  called  the  Eye- 
glass; that  next  to  the  Object  is  termed  the  Field- 
\ glass. 

The  spherical  and  colorific  aberrations  are  said  to 
: be  better  corrected  by  this  combination ; and  it  has 
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a larger  and  more  unifonnly  distinct  field  of  view 
than  any  other  Eye-tube  composed  of  two  Glasses. — 
See  the  end  of  Chapter  V,  on  Single  Concaves  and 
Convex  es. 

If  the  two  Lenses  which  compose  an  Huygenian 
Eye-piece,  are  of  proper  proportions — if  you  take 
away  the  1st  glass  next  to  the  Eye — the  2d  glass 
alone  will  magnify  only  about  half  as  much  as  the 
Two  do  when  used  together : — if  you  take  away  the 
2d  glass,  and  use  the  Glass  next  to  the  Eye  by- 
itself,  it  will'  magnify  about  -|d  more  than  the  two 
lenses  do  when  used  together — thus  supposing  them 
together  to  magnify  100  times — the  2d  glass  used 
alone  will  magnify  50  — and  the  1st  glass  used 
alone  will  magnify  150: — thus  in  each  Huygenian 
Eye-tube,  you  have  in  fact  three  Magnifying 
Powers. — See  the  account  of  the  Eye-ineces  to  the  j 
5 feet  Achromatic,  in  p.  47  of  Chapter  IV.  ; 


1st.  I recommend  that  each  Eye-tube  be  attached  ' I 
to  a lengthening  piece,  which,  when  fixed  to  the  • ( I 
Telescope,  will,  when  it  is  adjusted  to  one  power,  be  * i 
vei’y  nearly  adjusted  to  all — this  will  be  found  a I 
great  convenience,  especially  in  applying  extremely  I 
Higli  and  extremely  Low  powers,  and  save  a great 
deal  of  work  to  the  observer,  and  a great  deal  of 
wear  to  the  Adjusting  screw. 

2d.  It  is  much  more  convenient  to  have  Eye- 
pieces made  to  slide  into  the  1 ube,  than  to  screio 
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I iri — they  are  more  readily  changed,  especially  in  cold 
Jdark  nights  when  our  fingers  are  benumbed  with 
; cold . 

3d.  The  Caps  oj  Eye-pieees,  instead  of  screwing 
I on,  should  slip  on  like  the  covers  of  Obj  ect- 
1 Glasses,  and  the  Dark  Glass  of  the  Comet  and 
Moon  Eye-tube,  should  be  of  a very  light  Green 
colour— which  will  be  found  extremely  useful  in  cb- 
I serving  the  planet  Venus. 

4th.  The  Second,  or  Field  glass,  requires  a cap 

(•quite  as  much  as  the  First  or  Eye-glass  does 

pndeed  the  2d  is  generally  much  more  exposed  than 
^he  1st  glass  is— both  ought  to  be  shielded  from 
:flust  and  air,  and  kept  as  clean  as  possible— for  as 
ipften  as  they  are  wiped,  they  are  in  danger  of  beino- 
'Scratched,  &c.  ° 

: 5th.  r/ie  CW/s  containing  the  Eye-glasses  should 
ne  so  contrived,  that  the  glasses  may  be  perfectly 
tomeatable  to  be  cleaned,  especially  the  high  powers, 
hdnch  I have  seen  set  in  such  a deep  cell,  that  it 
*^as  impossible  to  wipe  them  properly— but  the  Rim 
»f  the  cell  of  Eye-Glasses  and  of  Object-Glasses 
diould  project  so  far  beyond  them,  that  they  may 

kid  down  without  their  surfaces  touching  any 

6th.  Vie  Eye-glasses  should  be  so  carefully  pro- 
fcortioned  to  each  other,  and  so  placed  that  the  Eye 
»iay  view  the  whole  of  the  field  at  once,  without  the 
l^ye  touching  the  Tube  or  moving  before  it.  “ The 
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hole  through  which  the  Optic  Pencil  passes  in  , 
coming  to  the  Eye  should  be  much  larger  than  the 
diameter  of  the  pencil,  and  considerably  nearer  the 
Glass  than  their  focus  ; for  the  Eye  ought  on  no 
account  to  come  in  contact  with  the  Eye-piece — nor 
should  it  be  touched  by  the  hand.”  — Sir  William 
Herschel,  in  Phil.  Trans,  vol.  cv.  p.  295. 

Read  the  Ohs.  on  the  Eye-head  of  Eye-pieces,  in 
p.  198  of  the  Chapter  on  the  Magnify  mg  Power  of 
Day  Telescopes. 

7th.  The  Magnifying  power  given  by  Ramsden’s 
Dynameter  should  be  engraved  on  each  Eye-tube. 

Lastly.  Have  all  your  Eye-tubes  packed  m a 
box,  which  may  be  packed  itself  in  the  case  in 
which  the  Telescope,  &c.  is  packed  the  usual 
way  of  packing  them  in  the  same  box  with  the 
Telescope  is  extremely  inconvenient— that  case  is 
a great  cumbersome  thing,  which  is  generally  put 
out  of  the  way ; and  the  Eye-tubes  are  left  about 
exposed  to  dust,  &c.  If  they  are  put  into  a small  box, 
as  recommended  above,  they  can  always  stand  by 
the  Telescope,  ready  for  action,  and  be  securely  de- 
fended from  dust,  &c. 

When  the  Inventors  of  the  Achromatic  Telescopes 
fixed  the  Magnifying  powers  of  those  Instruments, 
it  is  presumed  that  they  did  not  do  so  till  after  due 
deliberation,  and  a conviction  resulting  from  actual 
experiment,  that  for  Planetary  uses,  the  highest 
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proportion  of  the  diameter  of  the  Object-Glass  to 
the  Pencil  of  Rays,  was  as  1 to  40.  Thus  the 
30  inch  Achromatic,  which  has  an  aperture  of 
2 inches,  magnifies  80  times ; and  the  5 feet  Achro- 
matic, which  has  an  aperture  of  nearly  4 inches, 
generally  shews  Saturn  best,  with  a power  of  about 
160,  (see  Chapter  on  Saturn,)  to  bear  a higher 
power;  the  air  must  be  very  clear,  and  the  planet 
veiy  near  to  the  JMeridian ; and  the  defining  power 
of  the  Telescope  exquisitely  perfect. 

When  the  Pencil  of  Rays  is  too  diluted  to  per- 
fectly excite  the  action  of  the  Eye,  we  lose  in  dis- 
tinctness by  the  Magnifying  power  being  in  too  high 
a ratio  to  the  Illuminating  power.  “ An  object 
appears  brighter,  or  fainter,  according  to  the  Mag- 
nifying power— for  the  same  quantity  of  light  being 
spread  over  a greater  or  smaller  surface,  renders  the 
image  obscurer  or  brighter.” 

As  Sound,  when  diminished  beyond  a certain 
degree,  becomes  too  faint  to  excite  a sufficient 
j vibration  of  the  tympanum,  to  convey  tones  dis- 
tinctly, and  at  length  they  become  inaudible ; in 
;hke  manner,  when  the  pencil  of  Light  is  less,  in 
; diameter  than  ^i^th  of  an  inch,  unless  it  be  from  a 
star  of  intense  brightness,  its  stimulus  to  the  Optic 

nerve  becomes  too  languid  to  excite  its  perfect 
action. 

j We  must  always  take  into  our  account,  not  only 
the  Bigness  but  the  Brightness  of  the  pencil  of  rays 
which  IS  as  the  Brightness,  and  the  degree  of  the 
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Illumination  of  the  Object ; and  the  construction  of, 
and  the  defining  power  of  the  Telescope.  — (See 
Chapter  XVII.  on  Illuminating  Power.) 

From  the  rapidity  of  the  Rotatory  motion  of  the 
Earth — the  limited  Excitability  of  the  Eye — and  the 
irremediable  Impediments  to  vision  from  our  mag- 
nifying the  Atmospheric  medium  which  we  look  , 
through,  in  proportion  as  we  magnify  the  objects  j 
which  we  look  at,  increasing  in  so  high  a ratio  to 
the  Magnifying  pow'^er  : — 

More  than  100  for  Terrestrial, 

More  than  double  that,  or  200  for  Planets,  \ 

and  more  than  double  that,  or  400  for  Double  Stam  ; 
nine  days  and  nights  out  of  ten  impedes,  rather  than 
assists  Vision. 

When  we  charge  our  Telescopes  with  a higher 
power  than  400,  even  with  the  steadiest  Stand,  and 
the  best  contrived  Rackwork,  &c.,  very  uncommon 
dexterity  is  required  both  to  find  the  object,  and  to 
manage  the  Instrument  — and  a higher  Magnifier 
will  very  rarely  be  used  to  any  advantage — till 
the  Atmosphere  he  removed,  and  the  Earth  stands 
still. 

I must  here  except  some  half  a dozen  minute 
Double  Stabs — which  nobody  can  wash  to  see  for 
any  other  reason,  than  merely  because  it  is  difficult 
to  see  them : — those  Double  Stars  are  the  best 
adapted  for  eveiy  useful  purpose,  which  are  easily 
visible,  and  are  distinctly  defined  wdth  instniments  of 
moderate  size. — Gentle  Reader,  I earnestly  invoke 
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your  Common  sense,  to  maintain  your  Author  in  this 
position,  in  defiance  of  all  the  wrathful  anathemas 
which  you  may  have  whispered  to  you  by  those 
crabbed  Philosophers,  who  love  to  make  people  think 
that  nothing-  is  desirable  but  what  is  difficult;  and 
that  to  be  incomprehensible  is  the  true  sublime. 

Beyond  a certain  boundary,  Illuminating  Power 
is  as  useless  as  Magnifying  Power;  and  both  are 
totally  inefficient  without  a due  proportion  of  De- 
fining Power;  and  the  failure  of  the  latter  in  Achro- 
matic Telescopes  beyond  3-j\ths  in  diameter,  and  in 
Reflectors  beyond  7 inches,  is  the  cause  why  those 
who  purchase  larger  Telescopes  are  generally  disap- 
pointed, in  the  advantage  which  they  expect  from 
the  increased  aperture. 

A certain  quantity  of  light  is  needful,  more  is  in- 
convenient; the  degree  of  Light  that  is  useful,  is 
limited  by  the  nature  of  our  Eye — as  the  degree  of 
Magnifying  power  is  by  the  nature  of  the  atmosphere; 
-which,  for  observing  Planets,  will  not  bear  more 
than  250,  no  matter  how  large  the  Telescope. — See 
Chapter  XVII. 

Mr.  Tulle Y infoi-med  me,  that  with  the  Casse- 
^raman  Reflector,  which  he  finished  in  the  year 
11802,  and  which  had  an  Aperture  of  15  inches  — 
that  I lanets  were  best  seen  with  a power  of  200,  or 
250  at  the  utmost ; he  shewed  Saturn  to  me,  with 
|hose  Powers,  beyond  which  it  was  not  so  well  de- 
fined : I have  not,  and  Mr.  Tulley,  and  several  Prac- 

L 
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tical  Opticians,  have  informed  me,  that  they  have  not 
seen  any  Telescope  that  would,  with  any  advantage, 
bear  a higher  power  for  observing  Planets ; and  the 
superiority  of  Reflectors  beyond  7 inches  in  diameter, 
is  not  so  gi’eat  as  might  be  expected,  only  that  they 
shew  a greater  number  of  small  Stars  ; but  as  the 
Poet  says— 

“ Stars  above  a certain  height, 

Give  mortals  neither  heat  nor  iight.” 


See  Sir  W.  H.’s  Obs.  on  his  20  feet  Reflector, 
which  had  an  Aperture  of  18|  inches,  in  Index. 

The  Telescope  must  be  furnished  with 

A FINDEK, 

which  is  a very  Small  Telescope  that  is  fixed  on  the 
Large  one,  and  magnifies  only  about  5 or  7 times  ; 
and  having  .a  very  extensive  field,  an  object  is  easily 
found  with  it : — at  the  focus  of  the  Eye-tube  of  this 
Finder  there  are  placed  two  Wires,  which  cross  each 
other  in  the  axis  of  the  Telescope, — which  Wires  are 
often  too  fine — they  should  be  thick  enough  to  be 
easily  seen  at  night : — this  Finder  is  so  adjusted, 
that  when  any  object  seen  in  it,  is  at  the  crossing  of 
the  lines,  it  is  at  the  same  time  in  the  centre  of  the 
Large  Telescope. 

By  the  assistance  of  the  Finder  much  time  is 
saved  in  finding  objects,  especially  when  great 
powers  are  used ; and  it  saves  the  Eye  a great  deal 


I 
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: of  very  irksome  labour,  which  is  extremely  dis- 
: tressing  and  injurious  to  it. 


SIR  WM.  HERSCHEL’s  FINDER. 


“ The  finder  of  my  Reflector  is  limited,  by  a proper 
i diaphragm,  to  a natural  field  of  2°  of  a great  circle 
in  diameter.  The  intersection  of  the  cross  wires  in 


the  centre  of  it,  points  out  1°  ; and  by  the  Eye  this 
I degree,  or  the  distance  from  the  centre  to  the  circum- 
1 ference,  may  be  divided  into  J,  J,  and  |-ds. — 

I See  Sir  W.  H.’s  2d  Catalogue  of  Double  Stars,  in 
I the  Fhil.  Trans,  for  1785. 

! My  favourite  Finder  is  a 1 foot  Achromatic,  with 
i an  Eye-tube  composed  of  two  Glasses,  which  mag- 
i', nify  about  6 times,  — it  is  easily  and  accurately  ad- 
^fjustable  by  two  finger  screws  acting  against  a spring; 
i and  was  made  for  me  by  Mr.  Dollond. 


The  Finder  for  a Gregorian  Refector — must  be  a 
1 foot  Achromatic,  with  an  erect  Eye-tube  magnify- 
‘ iug  10  times — this  will  be  useful  for  Terrestrial  as 
well  as  for  Celestial  purposes — as  the  vision  is  erect 
I in  the  Telescope,  it  ought  to  be  so  in  the  Finder, 

If  the  Finder  is  not  exactly  centred  to  the  Tele- 
scope  as  soon  as  you  find  the  object  with  the 
' Telescope,  look  in  what  part  of  the  field  of  the  Finder 
it  is. 

Persons  unaccustomed  to  point  a Telescope  at  a 
Celestial  object,  with  a higher  power  than  60,  will 
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be  puzzled  how  to  direct  it ; and  in  trying  to  do  so, 
and  staring  in  vain  at  vacant  space,  will  sadly  strain 
their  sight. 

To  all  Telescopes  magnifying  more,  a finder  is 
an  indispensable  assistant  to  the  most  expert  ob- 
server— so  is  an  adjusting  screw  to  regulate  the 
focus. 

No  Sliding  Telescopes  should  be  more  than  30 
Inches  in  length : if  they  are,  the  portable  stands 
are  not  steady  enough  for  Astronomical  purposes 
and  also  the  Finder  and  Adjusting  Screw  are 
wanted. — See  p.  33. 

Lastly.  It  is  very  important  that  the  Cross 
wires  be  placed  at  such  a distance  from  the  Eye- 
piece of  the  Finder— that  when  that  is  adjusted  for 
shewing  Jupiter,  &c.  sharply  defined,  that  the 
wires  in  the  Finder  may  be  sharply  defined  also. 
The  place  of  the  wires,  therefore,  must  be  adapted 
to  the  peculiar  focus  of  the  Eye  of  the  person 
who  is  to  observe  with  them,  the  adjustment  re- 
quired for  a long  old  Eye,  is  useless  to  a young  one, 
especially  to  one  that  is  at  all  short-sighted. 

A Power  of  20  or  30,  with  cross  wires  in  it,  is  a 

good  substitute  for  a fixed  Findei . 

To  point  a Telescope  at  an  object,  do  not  lay  hold  I 
of  the  Eye-piece,  or  Tail-piece,  but  of  the  mam  I 
Tube  of  the  Telescope. 

The  Telescope  should  be'  suspended  in  the  centre  i 
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of  gravity,  — and  mounted  on  a portable  folding 
mahogany  stand,  with  divided  circles,  and  a uni- 
versal Polar  adjustment. 

If  the  instrument  be  then  placed  in  the  plane  of 
the  Equator,  one  motion  only  will  be  required  to 
follow  the  object;  which,  when  great  Magnifiers  are 
used,  is  a very  great  advantage,  as  the  tremours 
' occasioned  by  the  movements  of  the  Hackwork  are 
diminished  in  like  proportion. 

The  Stand  must  be  high  enough  to  admit  of  the 
observer  being  comfortably  seated  under  the  Eye- 
I tube,  when  the  Telescope  is  elevated  to  75  degrees  : 
this  in  a 5 feet  Achromatic  will  be  about  3 inches 
1 higher  than  the  person  can  put  his  Eye  to,  when 
I the  instrument  is  placed  in  an  horizontal  position. 

THE  COMET  EYE-PIECE 

I should  be  constructed  with  a very  large  and  uni- 
iformly  distinct  field,  and  should  not  magnify  more 
[than  12  or  15  times. 

I The  glasses  in  this  Eye-tube  should  not  be  less 
^than  Two  Inches  in  diameter — indeed,  it  would  be 
^extremely  desirable  if  the  Aperture  at  the  Eye-end 
of  Astronomical  Telescopes  was  large  enough  to  re- 
ceive the  Eye-tube  usually  put  to  the  large  Inverting 
^ight-glasses. 

During  the  appearance  of  the  Comet,  in  August 
1811,  a Vulgar  Error  prevailed,  that  a common 
Jpera-glass  would  afford  the  eye  more  assistance 
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than  a Telescope.  — This  must  have  arisen  from 
Telescopes  not  being  usually  furnished  with  a suf- 
ficient variety  of  Eye-pieces  ; — for,  although  Comets 
are  commonly  enveloped  in  a veil  of  dense  atmo- 
sphere, which  partly  prevents  the  operations  of 
Magnifying  power, — the  Illuminating  power  of  a 
large  glass  may  be  employed  with  great  advantage  : 
and  with  a proper  Comet  Eye-piece,  the  larger  the 
Telescope,  the  more  distinctly  we  shall  discern  the 
Nucleus  and  its  appendages. 

I have  an  Eye-piece  of  this  kind,  that  exhibited 
the  Comet  of  September  1811,  very  satisfactorily, 
the  field  of  view  being  sufficiently  large  to  shew  the  j 
Comet,  and  its  paraphernalia  of  light  which  accom-  | 
panied  it : and  as  it  is  a delightful  Eye-piece  for  j 
viewing  Nebula  and  the  Milky  Way,  &c.  it  will  be 
found  a very  useful  addition  to  the  apparatus  of  the  ) 
Telescope,  and  will  serve  for  all  the  purposes  of  a 
Night-glass.  * 

In  the  Phil.  Trans,  for  1787,  and  page  55  of 
vol.  Ixxvii.  that  honest  and  accurate  Practical 
Astronomer,  to  whom  we  are  indebted  for  so  many 
important  observations  and  improvements  in  instru-  ^ 
ments,  the  Rev.  F.  Wollaston,  recommends,  for 
observing  comets,  “ a Telescope  with  an  Achro-  j 
matic  Object-glass  of  Dollond,  of  16  inches  focal  j 
length,  and  2 inches  aperture;  with  a Ramsden’s  i 
Eye-glass,  magnifying  about  25  times,  mounted  on  I 
a very  firm  equatorial  stand,  the  field  of  view  taking  I 


t 
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in  2 degrees  of  a great  circle,”  and  furnished  with  a 
set  of  Mr.  W.’s  system  of  wires,  described  in  vol.  Ixxv. 
( of  PhiL  Trans,  p.  346,  he  says, 

“ Upon  the  whole,  I think  I may  with  confidence 
recommend  such  an  instrument  for  sweeping  the 
Heavens,  and  pretty  well  ascertaining  the  position 
I of  what  one  discovers ; and  with  it,  I can  observe 
! stars  down  to  what  I call  the  tenth  or  eleventh  mag- 
i nitude,  and,  I think,  with  some  degree  of  precision.” 

POR  OBSERVING  ECLIPSES  OF  THE  SUN  OR 

MOON, 

. a power  of  about  30  times  will  be  found  most  use- 
I ful,  as  it  will  shew  the  whole  of  their  face,  and  leave 
i plenty  of  margin  around  them. 

Should  any  of  our  readers  not  be  provided  with  a 
I coloured  or  Smoked  Glass  at  the  time  an  eclipse 
takes  place,  they  may  observe  the  image  of  the  sun 
I in  a bucket  of  water,  placed  in  a situation  where 
the  surface  is  not  agitated  by  the  wind.  But  it  will 
I be  much  better  to  be  provided  with  a proper  glass 
< for  this  purpose ; and  one  of  the  best  that  can  be 
- used  is  so  easily  prepared,  and  so  effectual  when 
; properly  done,  that  we  shall  insert  the  late  Dr. 

Maskelyne’s  method  of  smoking  glasses  for  this 
I purpose.  He  observes,  “ Dark  glasses  should  be  used 
I to  defend  the  eye  from  the  intensity  of  the  sun^s 
light.  Transparent  glasses,  smoked  over  the  flame 
of  a candle  or  lamp,  will  give  a more  distinct  and 
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agreeable  vision  of  the  disk  of  the  sun,  than  any- 
tinged  or  coloured  glasses  will  do.  Provide  two 
pieces  of  glass  of  a convenient  length,  not  too  thick 
(the  common  crown  glass  used  for  windows  will  do 
as  well  as  any),  wipe  them  clean  and  dry,  warm 
them  a little  by  the  fire  (if  the  weather  be  cold),  to 
prevent  their  cracking  when  applied  to  the  flame  of 
the  candle  ; then  draw  one  of  them  gently,  according 
to  its  whole  length,  through  the  flame,  and  pa^t  of 
the  smoke  will  adhere  to  the  glass.  Repeat  the 
same  operation,  only  leaving  a little  part  at  the  end 
untouched,  and  so  each  time  leave  a further  part  of 
the  same  end  untouched,  till  at  last  you  have  tinged 
the  glass  with  several  dyes,  increasing  gradually  in 
blackness  from  one  end  of  the  glass  to  the  other. 
Smoke  the  other  glass  in  like  manner;  and  apply 
the  two  glasses  one  against  the  other,  only  separated 
by  a rectangular  border,  cut  of  glass,  or  card  paper, 
the  smoked  faces  being  opposed  to  each  other,  and 
the  deepest  tinges  of  both  placed  together  at  the 
same  end.  Tie  the  glasses  firmly  together  with 
waxen  thread,  and  they  are  ready  for  use.  The 
tinge  at  one  end  should  be  the  slightest  possible, 
and  at  the  other  end  so  dark  that  you  cannot  see 
the  candle  through.  By  this  contrivance,  applied 
between  your  eye  and  the  sun,  you  will  have  the 
advantage  not  only  of  seeing  the  sun’s  light  white, 
according  to  its  natural  colour,  and  his  image  more 
distinct  than  through  common  dark  glasses,  but  alsa 
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of  being  able  to  intercept  more  or  less  of  bis  light 
as  you  please,  and,  as  the  clearness  or  thickness  of 
the  air  requires  it,  by  bringing  a darker  or  lighter 
part  of  this  combined  dark  glass  before  your  eye ; 
which  will  be  a great  convenience  at  all  times,  but 
particularly  when  the  brightness  of  the  sun  is  liable 
to  sudden  changes  from  flying  clouds.” 

Mr.  Wollaston  mentions,  observing  the  Eclipse 
of  the  Moon,  on  Sept.  10,  1783—“  Withmy46Inch 
Achromatic,  the  aperture  reduced  to  2 inches,  with  a 
small  magnifying  power  of  36  times,  which  I had 
made  by  Mr.  Dollond,  for  those  observations,  and  I 
found  very  convenient.” — See  Phil,  Trans,  for  1784, 
vol.  Ixxiv.  p.  194. 

The  Grand  Dandy  Opera-Glass  which  magnifies 
Twice,  is  an  excellent  Instrument  to  assist  the 
Sight  of  Short-sighted  persons,  who  will  find  it 
a convenient  assistant  to  find  a Planet  early  in  the 
evening,  and  to  give  them  a General  View  of  the 
Constellations, — and  it  also  deserves  to  be  recom- 
mended as  an  excellent  Finder  to  such  as  are  fond 
of  turning  out  on  a fine  frosty  night  to  sweep  the 
sky  for  a Comet.  — Dr.  Maskelyne,  who  was 
short-sighted,  had  for  this  purpose  a Binocular 
Opera-Glass,  i.  e.  two  Opera-Glasses,  magnifying 
about  twice,  fixed  in  the  opening  of  a Spectacle 
frame,  which  he  placed  before  his  Eyes,  like  as  you 
put  on  Spectacles.  I remember  seeing  a pair 
of  such  Spectacles  in  the  Observatories,  of  Mr. 

L 2 
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Larkins,  on  Blackheath  Point;  of  Mr.  Aubert, 
at  Highbury;  and  of  Mr.  Hodgson,  at  Hoddesdon. 

A large  night-glass  will  be  found  a very  useful 
Instrument  in  the  observatory,  for  obtaining  a more 
intimate  acquaintance  with  the  Constellations,  and 
for  doing  the  business  of  a Sweeper.  By  using  a 
Prism  Eye-piece,  it  may  be  slung  in  as  convenient  a 
manner  as  a Newtonian  reflector,  and  the  Eye  of  the 
observer  remain  at  rest  while  the  Telescope  moves 
from  the  Horizon  to  the  Zenith ; it  is  also  well 
adapted  for  observing  Comets. 

FOR  OBSERVING  THE  FULL  MOON, 

the  lowest  Day-piece  will  do  very  well,  if  it  does 
not  magnify  more  than  45  times ; and  if  it  is  pro- 
perly constructed,  it  will  shew  the  whole  of  the  Moon 
with  a margin  round  it. 

But  I would  advise  an  Huygenian  Eye-tube  of  46, 
as  it  is  short  and  convenient,  and  serves  for  other 
purposes — the  Sun— Nebula — the  Milky  Way,  &c. 

A long  and  large  Achromatic  or  a Newtonian, 
is  the  best  instrument  for  viewing  the  whole  of 
the  Moon — Gregorian  Telescopes  have  seldom  a 
sufficiently  low  power,  and  large  field  for  this 
purpose. 

For  examining  particular  parts  of  the  Moo?i — the 
■advantage  of  light  or  Illuminating  power  appears  to 
be  as  great,  if  not  greater  than  it  is  upon  any  other 
object;  — I first  observed  this,  when  comparing  my 
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^ 3 feet  Gregorian,  which  has  ah  aperture  of  9^ths 
] inches,  with  my  7 feet  Herschel  Newtonian,  which 
{ has  G^/^ths  inches  aperture.  Many  parts  of  the 
1 Moon  became  plainly  visible,  with  the  Speculum  of 
9^\ths  inches  — which  were  not  visible  in  that  of 
G^ths  — and  were  not  visible  in  the  9-^oths  when 
contracted  to  G inches.  — The  magnifying  power 
' employed  was  only  90  times,  and  the  same  in  eacn 
1 Telescope. 

Jupiter,  the  same  evening,  appeared  in  this  Gre- 
gorian quite  as  bright  with  180  as  it  did  with  90. 

FOR  OBSERVING  PLANETS, 

in  the  list  of  Magnifying  Powers,  I have  set  down 
' 80,  130,  160,  200. 

There  is  a Vulgar  Error  almost  universally  pre- 
1 valent,  that  Saturn  (see  Chapter  on  Saturn)  will 
bear  a higher  magnifying  power  than  Jupiter, 

I notwithstanding  Jove’s  complexion  is  much  brighter 
than  Saturn’s.  My  own  experience  has  told  me, 
what  common  sense  will  teach  any  thinking  mind, 
that  Jupiter  will  .bear  a high  power  better  than 
Saturn,  in  proportion  as  he  shines  with  more  vivid 
light*. 

* Though  many  Optical  writers  have  offered  many  observation.s 
on  tlie  requisite  Diameter,  &c.  of  the  pencil  of  Rays,  none  seem 
to  have  considered  the  Quality  of  them. 

A pencil  of  Rays,  of  intrinuc  Light.,  of  the  60th  of  an  inch 
diameter,  proceeding  from  an  intensely  bright  object,  i.  e.  a fixed 
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The  reason  why  this  V^dgar  Error  is  so  universal, 
I fancy,  must  be  because  Jupiter  is  so  bright  an 
object,  especially  when  near  to  the  Meridian,  that 
only  a very  perfect  glass  will  shew  it  well. 

This  is  a fact  which  I have  myself  ascertained : it 
always  appeared  an  unaccountable  paradox  to  me, 
that  an  obscure  object  would  bear  a greater  power 
than  a bright  one ; which  was  the  positive  assertion 
of  almost  all  the  Opticians  and  Astronomers,  &c.  I 
have  conversed  with  on  the  subject. 

I recommend  my  Reader  to  be  exceedingly  cautious 
in  crediting  any  assertions  which  are  contrary  to 
Common  Sense,  which  I consult  in  Occult  questions, 
as  well  as  in  Ordinary  ones;  and,  since  miracles 
are  no  more,  and  Oracles  (excepting,  I hope  you 
will  say,  courteous  Reader,  “ The  Cook’s 
Oracle,”)  are  obsolete,  is  the  standard,  by  which 
all  marvellous  and  unaccountable  stories  should 
be  scrupulously  measured,  before  Rational  beings 
suffer  themselves  to  be  so  paralysed  by  Indolence 
as  to  let  them  pass  current  for  facts. 

The  Phenomena  on  the  Face  of  Jupiter  may  be 

Star,  will  stimulate  the  Optic  nerve  as  much  as  a pencil  of  reflected 
Light  of  tlie  20th  of  an  inch  diameter, — i.  e.  from  Jupiter  or 
Saturn,  as  those  Planets  require  from  an  Achromatic  Telescope  a 
pencil  of  Rays  which  is  not  less  than  a 30th  of  an  inch  in  dia- 
meter— so  a fixed  Star  hardly  begins  to  shew  a decidedly  defined 
disk,  like  a Planet,  till  the  pencil  is  less  than  the  60th  of  an  inch 
in  diameter. — See  Chapter  XX.  on  Double  Stars. — W.  K. 
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seen  very  pleasantly  with  powers  of  from  130  to 
250,  but  those  of  Saturn  only  just  begin  to  be  visible 
with  130 — and  to  see  them  perfectly  well  you  must 
have  a magnifying  power  of  about  200  times,  and 
an  Object-Glass  of  4,  or  a Speculum  of  7 Inches  in 
diameter. 

All  Telescopes  should  have  an  Astronomical  Eye- 
tube  magnifying  80  times,  because  it  has  a field  of 
view  large  enough  to  shew  Jupiter  with  all  his 
Moons,  and  a margin  of  sky  round  them ; and  it 
is,  therefore,  a convenient  power  to  shew  them  with 
to  others. 

One  of  the  laws  which  governs  the  application  of 
Magnifying  Power,  is  that  it  may  be  applied  in 
proportion  to  the  brightness  of  the  object  that  we 
are  observing — to  some  of  the  Fixed  Stars  of  the 
first  magnitude  there  appears  to  be  no  limit  to  it, 
except  the  Atmosphere. — See  Ohs.  on  a Lyree,  in 
page  235. 

POR  OBSERVING  STARS, 

I have  recommended  an  Huygenian  Eye-tube, 
magnifying  400  times,  as  the  greatest  power  that  is 
usually  needful,  as  it  is  difficult  to  find  the  object 
with  this  High  power,  and  it  passes  through  the 
field  very  rapidly,  I would  not  have  it  limited  by 
a stop,  which  is  very  properly  iiUroduced  to  cut  off’ 
the  aberration  in  Low  powers,  for  the  ipdistinct 
margin  is  useful  in  catching  and  keeping  an  Object. — 
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See  page  200  on  the  Pmicratic,  which  magnifies 
from  100  to  400;  and,  if  required,  with  the  same 
ease'  and  expense,  may  be  made  to  magnify  from 
200  to  800. 

A Circle  of  Six  Convex  Lenses,  set  in  a Wheel, 
is  a convenient  Eye-piece  for  ascertaining  the  effect 
of  different  degrees  of  Magnifying  power ; but  they 
must  be  very  carefully  centred,  — the  importance 
of  exact  centering  increases  in  the  proportion  that 
their  magnifying  power  increases  : — they  must  also 
be  set  so  that  each  is  easily  comeatable  to  be  cleaned, 
a Camel’s-hair  brush  is,  perhaps,  the  best  thing  to 
remove  dust  from  them ; — they  should  be  de- 
fended from  dust  and  air  as  much  as  possible,  and 
therefore  are  best  kept  in  a close  box. 

As  often  as  a Glass  is  wiped,  however  carefully  it 
is  done  with  the  smoothest  and  cleanest  Lamb’s- 
skin  leather,  still  it  is  as  often  in  danger  of  being 
scratched. 

A Wheel  of  Two  inches  in  diameter,  will  contain 
6 Lenses  and  a blank  to  fill  the  Aperture,  so  that  the 
Glasses  may  always  be  kept  covered  : it  will  be  con- 
venient that  the  1st  Lens  be  a veiy  low  powder,  that 
it  may  seiwe  as  a Finder  for  the  others,  and  the  Whecd 
should  be  made  to  turn  both  ways. 

A Convex  Lens  of  One  Inch  focus  will  make  an 
Achromatic  or  .a  Newtonian  Telescope  magnify  a# 
many  times  as  its  Object-Glass  or  Object-Speculum 
is  of  inches  in  focal  length  : i.  e.  it  will  make  a 
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30  Inch  Achromatic,  with  an  Eye-glass  of  1 inch 
focus,  magnify  30  times. 

The  2d  Lens  may  be  of  half  an  Inch  focus — and 
the  Magnifying  power  given  by  that  is  ascertained 
by  multiplying  the  focal  length  of  the  Telescope 
by  2 — i.  e.  a Convex  Lens  of  half  an  inch  focus 
will  give  an  Achromatic  or  Newtonian  Telescope 
of  30  inches  focus,  a Magnifying  power  of  60 
times. 

I would  recommend  the  3d  Lens  to  be  of  the 
of  an  inch  focus. 

The  4th  of  the  |th  of  ditto. 

The  5th  of  the  ^th  of  ditto. 

The  6th  of  the  -^th  of  ditto. 


Lens. 

Focal 

Length  of 
Eye-Glass. 

Magnifying 
Power,  with  30 
Inch  Achro- 
matic. 

Magnifying 
Power,  with  3^ 
feet  or  44  Inch 
Achromatic. 

Magnifying 
Power,  with  6 
feet  or  63  Inch 
Achromatic. 

Magnifying 
Power,  with  a 
7feet  or  84Inch 
Newtonian. 

No. 

1 

1 

30 

44 

63 

84 

2 

1 

5 

60 

88 

126 

168 

3 

1 

y 

90 

132 

189 

252 

4 

i 

120 

175 

252 

336 

5 

1 

180 

264 

378 

504 

6 

1 

TTT 

300 

440 

630 

840 

The  foregoing  Table  clearly  demonstrates  one  of 
the  causes  of  the  diminution  of  the  aberration  in 
Long  Telescopes — to  obtain  a power  of  300,  in  a 
Telescope  of  30  inches  focus,  requires  a lens  of  only 
7cth  of  an  inch  focus — in  a Telescope  of  84  inches 


232  MAGNIFYING  POWERS  FOR  ASTRONOMY. 

focus,  a power  of  336  is  obtained  with  a lens  of  ^th 
of  an  inch  focus. 

A Lens  of  ^^th  of  an  inch  focus  is  as  deep  as  can 
be  applied  to  any  Telescope  with  any  advantage — 
however  perfect  the  Instrument,  and  however  bright 
the  object. 

No  Achromatic  or  Newtonian  Telescope  will  bear 
distinctly  a higher  power  than  that  given  by  multi- 
plying the  focal  length  in  inches  of  its  Object-Glass 
or  metal  by  10 — for  instance,  if  you  use  a lens  the 
^th  of  an  inch  focus  to  a 3|  feet  Achromatic  Tele- 
scope of  2^(jths  inches  aperture,  and  44  inches 
focus,  you  will  find  in  the  brightest  day  that  the 
object  will  appear  as  if  there  was  a thin  veil  of  Black 
Crape  placed  between  it  and  the  Telescope,  or  as  if 
a fine  Cobweb  was  before  it ; and  if  turned  to  Ce- 
lestial objects,  the  Belts  of  Jupiter  are  hardly  dis- 
cernible, and  Stars  appear  in  a kind  of  halo,  and 
the  Defining  power  of  the  Instrument  is  quite  de- 
stroyed.—See  the  Introductory  Chapter  on  Double 
Stars. 

“ Those  who  are  least  experienced  are  most  de- 
sirous of  deep  Magnifiers,  and  extremely  inquisitive 
about  lenses  of  the  shortest  focal  distances;  and  they 
suppose  it  may  be  knowrt  when  they  are 
^th,  or  ^Vh  of  an  inch,  as  well  as  when  they 
have  focal  distances  of  1,  2,  3,  4,  or  5 inches;  but 
herein  they  are  strangely  mistaken,  for  it  would 
puzzle  a Newton  himself,  to  determine  precisely 
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I what  is  the  Solar  focal  Distance  of  one  of  those  very 
j small  Lenses.  Nor  would  it  boot  any  of  these  over- 
^ curious  Geniuses,  to  be  informed  what  the  focal 
I Distance  of  a very  small  Lens  or  Spherule  really  is ; 

1 for  they  could  not  from  thence  conclude  any  thing  in 
regard  to  .the  Magnifying  Power,  or  Dimension  of 
i small  Objects,  as  they  seem  to  expect.  Nor  can  it 
I answer  any  other  Purpose  than  pure  Curiosity,  that 
I know  of.” — Ben  Martin  on  Micrometers,  8vo* 

I p.  3,— See  more  on  this  subject  in  Chapter  XVI. 


CHAPTER  XV. 


DIAGONAL  EYE-TUBES. 

When  we  wish  to  discern  those  delicate  and  minute 
objects,  which  are  the  most  interesting  exhibitions 
our  Telescopes  display  to  us,  and  with  the  finest 
Instruments  are  only  discernible  with  the  most 
favourable  circumstances, — we  must  be  in  a position 
of  the  greatest  ease : no  cramp  or  painful  posture 
must  distort  the  Body,  or  irritate  the  Mind  ; — the 
whole  powers  of  which  must  be  concentiated  in  the 
Eye. 

Such  is  the  sympathy  between  the  various  Organs 
of  the  human  body,  that  we  may  as  well  attempt 
to  think  accurately  on  two  Subjects  at  the  same 
time,  as  to  use  two  Senses  at  the  same  moment ; 
each  must  be  used  alone,  if  we  wish  to  give  it  a fair 
chance  of  doing  its  utmost. — As  Shakspcuve  has  ob- 
served of  Listening  with  such  profound  attention, 
that  “ each  other  Sense  was  lost  in  that  ot  Healing. 

To  avoid  the  painful  position  when  observing  Ce- 
lestial  objects  when  they  are  near  the  Zenith,  I have 
tried  8 different  kinds  of  Diagonal  Eye-tubes.  Se- 
veral of  them  are  so  constructed  that  they  will  apply 
to,  or  will  receive  all  the  Eye-pieces,  and  render  an 
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Achroniatic  Refracting  Telescope,  or  a Gregorian  as' 

I convenient  as  a Newto?iian  Reflector. 

I The  diminution  of  light  by  the  Diagonal  is  scarcely 
I perceptible  when  observing  the  Moon  or  the  fixed 
stars — such  is  the  intense  intrinsic  brightness  of  the 
Fixed  Stars,  that  the  inferior  degree  of  vividness  of 
I the  pencil  of  rays  is,  I may  say,  imperceptible. 

I “ a Li/reB,  I surmise,  has  Light  enough  to  bear 
' being  magnified  at  least  a hundred  thousand  times, 

, with  no  more  than  6 inches  of  aperture,  provided  we 
could  have  such  a power,  and  other  considerations 
’ would  allow  us  to  apply  it.” — See  Sir  Wm.  Her- 
I schel’s  First  Catalogue  of  Double  Stars,  in  the  Phil. 
Trans,  for  1782. 

The  position  is  not  only  pleasanter,  but  the  organ 
1'  of  sight  is  more  perfect,  when  we  look  comfortably 
straight  forwards — than  it  is  when  the  head  is 
bent  back  in  the  break-neck  position  required  in 
observing  objects  in  a high  Altitude  without  such 
1 assistance. 

It  may  be  urged,  that  a Prism  would  bend  up  the 
rays  with  less  loss  of  brightness  than  a Speculum 
can  reflect  them  — but  in  the  latter  you  have  only 
One  surface  to  get  worked  truly,  and  it  is  no  easy 
thing  to  obtain  that  quite  good*  — in  the  former 

* “ I find  more  difficulty  in  correcting  the  figure  of  die  little 
plain  piece  of  metal  next  the  Eye-glass  than  one  would  expect.” — 
See  Sir  Isaac  Newton’s  Letter  in  the  Phil.  Trans,  for  1672, 
vol.  vii.  p.  4032;  and  Sir  William  IIeiisciiel’s  Obs.  in  Oct.  12, 
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Three,  oxiA  the  imperfections  of  the  Glass  to  contend 
with  into  the  bargain  : — the  facilities  of  construction 
are  thus  at  least  three  to  one  in  favour  of  Specula : but 
if  the  Bull’s  Eye  Prism  be  perfectly  good,  that  is  in- 
comparably the  best  Diagonal  Eye-piece  — that  it 
can  be  made  good,  I know,  because  I have  one  which 
is  as  sharp,  though  not  so  bright,  as  a Single  Lens, 

1st.  A Plane  Speculum  placed  at  an  angle  of  45 
degrees  between  the  Object-glass  and  the  Eye-glasses. 

2d.  A Plane  Speculum,  fixed  at  the  like  angle,  is 
placed  next  to  the  Eye,  before  the  Eye-tube. 

3d.  A Plane  Speculum  is  placed  between  the  Eye- 
glass next  to  the  Eye,  and  that  next  to  the  object. 

4th.  A Prism  is  placed  between  the  Eye-glasses 
and  the  Object-glass. 

5th.  A Prism  is  placed  between  the  Eye  and  the 
Eye-glasses. 

6tli.  A Plane  Prism  is  placed  between  the  Eye- 
glass next  to  the  Eye,  and  that  next  to  the  object. 

7th.  Another  Eye-tube  is  composed  of  an  Eye-glass 
and  a Prism  with  one  surface,  ground  to  a certain 
degree  of  convexity,  which  acts  as  a Prism,  and  as 
one  of  the  Eye-glasses  also. 

8th.  The  Bull’s  Eye  Eye-tube,  which  is  composed 
of  a Hemisphere,  and  acts  as  a convex  lens  with  a 

1782,  in  p.  44  of  the  Phil.  Tram,  for  1795.  — Messrs.  Watson 
and  Tulley  have  assured  me  that  no  figure  is  more  difficult  to 
make  than  a perfect  Plane. 
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prism;  — this  is  more  simple  in  its  construction,  is 
I more  perfect  and  lighter  than  any  other  prism  Eye- 
' piece — but  even  this  is  darker  than  an  Huy  genian 
eye-piece  of  the  same  magnifying  Power. 

From  various  trials  of  Prisms  and  Specula,  I am 
convinced  that  it  will  be  much  easier  to  obtain  a 
1 good  Speculum  than  a good  Prism — though  either 
I are  extremely  difficult  to  get  perfect — and  however 
perfect  they  may  be,  the  diagonal  vision  is  never  so 
light,  and  seldom  so  distinct  as  the  direct  vision  is — 
I say  this,  after  a patient  trial  on  the  Planet  Saturn, 

. which  suffered  much  more  from  the  intervention  of  a 
i Prism  or  Speculum  than  it  did  from  using  the  Huy- 
genian  instead  of  a Single  Lens  Eye-piece  : that  is, 
K the  complexion  of  the  Planet  was  diminished  in 
j'  brightness,  and  changed  to  a yellowish  or  greenish 
I hue,  and  its  features  consequently  became  less 
striking  on  the  Eye,  and  the  Belts  and  Division  in 
the  Ring  less  marked ; — the  Obseiwations  I have 
quoted  from  Dr.  Herschel  respecting  Single  and 
Double  Eye-pieces,  apply  very  aptly  to  Diagonal  and 
I Direct  Vision. — See  Chapter  V. 

If  a Diagonal  Eye-tube,  (No.  1.)  made  with  a Spe- 
culum, is  applied  to  an  Achromatic  Telescope  of  5 feet 
focus,  when  an  Huygenian  Eye-tube  magnifying  160 
times  is  applied  to  it,  the  tube  must  be  inches 
shorter  than  is  required  with  the  same  power  with 
direct  vision. 


CHAPTER  XVI. 


MAGNIFYING  POWER,  AND  HOW  TO  MEASURE  IT. 

An  easy  way  of  judging  of  the  relative  magnifying 
powers  of  various  Eye-tubes  and  Lenses — is  to  hold 
them  up  about  12  or  18  Inches  from  the  Eye,  and  3 
or  4 Feet  from  a window  — that  in  which  the  panes 
of  glass  appear  least  magnifies  most ; — or  place  two 
Candles  nearly  together' — and  hold  the  lenses  about 
a foot  from  them,  that  in  which  the  Candles  appear 
nearest  together  magnifies  most. 

TO  ASCERTAIN  THE  MAGNIFYING  POWER  OF  A 
TELESCOPE, 

measure  the  diameter  of  the  aperture  of  the  Object- 
glass,  or  Speculum,  and  that  of  the  little  image  > 
of  it  which  is  formed  at  the  end  of  the  Eye-piece, 
the  number  of  times  the  latter  is  less  than  the  former 
is  the  Magnifying  power.  | 

To  measure  the  diameter  of  the  pencil  of  rays  with  | 
great  ease  and  accuracy,  Mr.  Rams  den*,  about  the  ' 

* Tlie  highest  praise  is  due  to  the  merits  of  the  late  Mr.  Jesse 
Ramsden,  for  his  ingenuity,  liberality,  and  persevering  endeavours 
to  invent  and  perfect  tlie  various  instruments  used  in  Astronomy, 
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year  1775,  contrived  a clever  little  instrument  which 
he  called  a Di/nameter  ; for  though  when  single  lenses 

Philosophy,  and  Mathematics;  to  produce  which,  he  devoted  all 
1 his  time,  and  almost  all  the  profits  of  his  very  extensive  trade : in 
, carrying  on  which,  his  anxiety  was  not  (like  the  Razor-maker,  who 
: merely  made  his  goods  to  sell,)  to  study  and  contrive  how  cheap 

(he  could  make  an  instrument,  and  how  dear  he  could  sell  it;  his 
sole  care  was  to  make  it  as  perfect  as  possible;  he  spared  neither 
I pains  nor  expense  in  forming  an  instrument,  or  bringing  it  to  per- 
■ fection  ; and  his  insatiable  thirst  for  perfection,  almost  invariably, 
I produced  ultimate  success.  Without  the  least  ostentation,  pride, 
: or  reserve  in  his  manners,  he  was  polite,  easy,  and  familiar  to  all 
that  had  business  with  him. 

I have  been  favoured  with  the  following  Anecdote  from  such  a 
source,  that  I can  vouch  for  the  authenticity  of  it. 

^ “ It  was  his  custom  to  retire  in  the  evening  to  what  he  consi- 

j dered  the  most  comfortable  comer  in  the  house,  and  take  his  seat 
..close  to  the  kitchen  fire-side,  in  order  to  draw  some  plan  for  the 
. forming  a new  instmment,  or  scheme  for  the  improvement  of  one 
I already  made.  There,  with  his  drawing  implements  on  the  table 
' before  him,  a cat  sitting  on  one  side,  and  a certain  portion  of 
I bread,  butter,  and  a small  mug  of  porter  placed  on  the  other, 

5 while  four  or  five  apprentices  commonly  made  up  the  circle,  he 
\ amused  himself  with  whistling  the  favourite  air,  or  sometimes  sing- 
ing the  old  ballad  of, 

‘ If  she  is  not  so  tme  to  me, 

‘ What  care  I to  whom  she  be  ? 

‘ What  care  I,  what  care  I,  to  whom  she  be  !' 

and  appeared,  in  this  domestic  group,  contentedly  happy.  When 
he  occasionally  sent  for  a workman,  to  give  him  necessary  direc- 
tions concerning  what  he  wished  to  have  done,  he  first  shewed  the 
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are  used,  the  power  of  a glass  is  readily  discovered 
by  dividing  the  focal  length  of  the  object-glass 
by  that  of  the  eye-glass,  in  eye-pieces  of  the  com- 
mon construction,  especially  those  of  a negative 
focus,  it  is  very  difficult  to  measure  in  this  manner ; 
nor  can  it  be  done  with  any  accuracy  with  those  eye- 
pieces which  are  made  for  erect  vision  with  four  eye- 
glasses. 

The  Dynameter  is  principally  composed  of  a fine 
micrometer  screw,  and  a divided  plano-convex  glass  ; 
by  means  of  which  the  image  of  the  pencil  of  rays 
can  be  completely  separated,  and  the  diameter  of  it 
known  to  the  greatest  nicety.  The  wheel  or  head  of 


recent  finished  plan,  then  explained  the  different  parts  of  it,  and 
generally  concluded  by  saying,  with  the  greatest  good  humour, 
' Now,  see  man,  let  us  try  to  find  fault  with  it;’  and  thus,  by  put- 
ting two  heads  together,  to  scrutinize  his  own  performance,  some 
alteration  was  probably  made  for  the  better.  And,  whatever 
expense  an  instrument  had  cost  in  forming,  if  it  did  not  fully 
answer  the  intended  design,  he  would  immediately  say,  after  a 
little  examination  of  the  work,  ‘ Bobs,  man ! this  won’t  do;  we 
must  have  at  it  again :’  and  tlien  the  whole  of  that  was  put  aside, 
and  a new  instrument  begun.  By  means  of  such  perseverance, 
he  succeeded  in  bringing  various  mathematical,  philosophical,  and 
astronomical  instruments  to  perfection.  The  large  theodolite  for 
terrestrial  measurements,  and  the  equal  altitude  instrument  for 
astronomy,  will  always  be  monuments  of  his  fertile,  penetrating, 
arduous,  superior  genius ! There  cannot  be  a lover  (especially  of 
this  more  difficult  part)  of  philosophy,  in  any  quarter  of  the  globe, 
but  must  admire  the  abilities  of  Jesse  Ramsden  !” 
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khe  micrometer  is  divided  into  tw'o  hundred  equal 
jparts,  and  a figure  engraven  over  every  fifth  division, 
Iwhich  is  cut  rather  longer  than  the  others;  1,  2,  3, 
land  so  on  to  20  : but  adding  an  0 to  each  figure,  it 
will  then  read  off,  10,  20,  30,  and  so  on  to  200.  The 
iNonius  is  divided  into  15  towards  0,  and  engraved  5, 

110,  15 ; and  5 on  the  contrary  side.  Each  division 
m the  Nonius  is  equal  to  one  revolution  of  the  micro- 
imeter  head,  and  10  revolutions  will  bring  the  edge 
of  the  circle  round  it,  and  the  tenth  division  on  the 
(Nonius  to  coincide. 

j The  revolutions  of  the  micrometer  head  will  bring 
the  edge  of  the  circle  round  it,  and  the  division  on 
the  J^onius,  to  coincide  at  10  ; each  division,  there- 
fore, is  equal  to  the  ten  thousandth  part  of  an  inch. 

I Applying  this  little  instrument  to  the  eye-glass  of 
ti  telescope,  when  adjusted  to  distinct  vision  at  any 
distant  object,  and  turning  the  micrometer  head,  the 
emergent  pencil  will  begin  to  separate;  and  when 
the  extreme  edges  are  brought  into  contact,  the 
lumber  of  divisions  will  shew  the  diameter  of  it  in 
housandths  of  an  inch  ; then  reduce  the  diameter  of 
;he  Object-glass  into  thousands,  and  divide  that 
mm  by  the  diameter  of  the  pencil,  the  quotient  will 
Je  the  real  magnifying  power.  But  as  it  is  requisite 
for  the  emergent  pencil  of  rays  to  be  in  the  focus  of 
!he  divided  glass,  a thin  transparent  piece  of  ivory, 
precisely  one-tenth  of  an  inch  in  diameter,  is  set  in 
Ihe  sliding  cover,  to  adjust  for  that  distance,  which 
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must  always  be  done  before  it  can  be  used  with 
accuracy. 

When  this  transparent  piece  of  ivory  is  brought 
over  the  hole  in  the  cover  of  the  dynameter,  and 
appears  perfectly  round,  the  Nonius  will  then  be  at  0, 
and  is  properly  adjusted.  Five  revolutions  of  the 
micrometer  screw  will  make  a complete  separation 
of  the  diameter  of  its  aperture,  which  is  one-tenth  of 
an  inch  : and  when  the  opposite  sides  are  brought 
into  contact,  the  Nonius  will  coincide  at  the  fifth 
division  of  it,  which  is  five  two-hundredths  of  an 
inch ; thus  dividing  each  tenth  of  an  inch  into  a 
thousand  equal  parts.  Another  method  of  discover- 
ing the  magnifying  power,  is  to  set  the  telescope  in 
such  a position  opposite  the  sun,  that  the  rays  of 
light  may  fall  perpendicularly  on  the  Object-glass;  and 
the  pencil  -of  rays  may  be  received  on  a piece  of 
paper,  and  its  diameter  measured  : then,  as  the  dia- 
meter of  the  pencil  of  rays  is  to  that  of  the  Object- 
glass,  so  is  the  magnifying  power  of  the  telescope. 
Or,  thirdly,  a thin  piece  of  mother-of-pearl,  with  a 
very  acute  angle  two  inches  long  marked  thereon, 
and  only  one-tenth  of  an  inch  at  its  base  marked 
thereon;  the  length  being  divided  into  ten  equal 
divisions,  making  a visible  line  to  each  division,  with 
a figure  over  it,  these  divisions  will  express  or  shew 
the  hundredths  of  an  inch : apply  this  scale  to  the 
eye-tube  of  the  telescope,  observe  where  the  emer- 
gent pencil  of  rays  fills  up  a certain  space  at  or  near 
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any  of  the  divisions;  multiply  the  diameter  of  the 
Object-glass  into  hundredths  on  the  scale,  and  the 
quotient  will  be  the  magnifying  power. 

Neither  of  these  methods  will  enable  you  to  mea- 
sure Concaves,  but  you  may  measure  Concaves  by 
comparing  them  with  Convexes,  in  the  manner  I have 
I mentioned  to  ascertain  the  relative  powers  of  Lenses, 
j Before  any  of  these  methods  of  finding  the  magni- 
fying power  be  made  use  of,  remember  to  look 
through  the  tube,  and  observe  carefully  if  some  of 
the  Object-glass  be  not  cut  off,  and  part  of  the  ori- 
ginal pencil  intercepted  by  the  Stops  in  the  Tube,  or 
' Eye-pieces,  &c.,  which  frequently  curtail  the  light 
of  the  Object-glass  as  effectually  as  a cap  over  the 
I end  of  it  would. 

This  is  a very  common  trick,  and  will  render  your 
i calculation  on  the  whole  aperture  erroneous. 

To  ascertain  %oliether  any  of  the  Object-glass  is  cut 
I off  by  the  Stop  in  the  Eye-tube— the  Telescope 
I to  distinct  Vision  then  take  out  the  Eye-glass,  put 
; your  finger  on  the  edge  of  the  outside  of  the  Object- 
! glass,  and  look  down  the  tube— if  you  can  see  the 
I tip  of  your  finger  just  peeping  over  the  edge  of  the 

I Object-glass  none  is  cut  off. 

In  all  cases,  the  Magnifying  power  of  Telescopes, 
or  Microscopes,  is  measured  by  the  proportion  of  the 
diameter  of  the  original  pencil,  to  that  of  the  pencil 
which  enters  the  Eye. 

The  following  Observations  on  Deep  Lenses  were 
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> given  to  me  by  a Gentleman  well  acquainted  with 
the  subject. 

“ To  determine  the  foci  of  very  Small  Lenses  — 
Get  a Lens,  the  focus  of  which  you  know  to  be  -lijth 
of  an  inch  as  nicely  as  it  can  be  measured* — make  a 
microscopic  object  of  the  image  formed  by  it  of  some 
distant  object,  generally  a window,  and  make  it  the 
Object-glass  of  a Telescope,  (for  such  it  is  in  its  prin- 
ciple, though,  instead  of  magnifying,  it  diminishes) — 
mea,sure  the  size  of  the  image  with  a miciometer, 
in  the  body  of  a compound  microscope,  and  with 
which  you  can,  without  much  difficulty,  measure 
even  the  35,000th  part  of  an  inch.  Having  once 
gained  this  point,  it  becomes  an  easy  matter  to 
determine  the  focus  of  any  othei  lens,  by  com- 
paring the  size  of  the  image  formed  by  it  with  that 
of  the  10th  of  an  inch. 

“ Nothing  IS  so  common  as  to  overrate  the  magni- 
fying power  of  small  Lenses— the  very  workmen  who 
make  them  can  seldom  tell  you  this  with  accuracy ; 
because  they  are  obliged  to  make  them  shallow  at 
first,  and  then  to  deepen  them  gradually  out  of  one 
tool  into  another,  till  they  have  got  them  to  the  re- 
quired focus  ; the  tools  themselves  being  perpetually 
liable  to  change  their  figure,  indeed  the  very  polish- 
ing will  often  destroy  this  altogether. 

^ A lens  of  much  longer  focus  might  be  used,  but  would  not  be 
so  convenient. 
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The  true  magnifying  power  of  a Telescope  can 
only  be  obtained,  by  compaidng  the  foci  of  the  Ob 
ject-glass  and  Eye-glass,  and  seeing  how  many 
times  the  one  is  contained  in  the  other  (which  I ap- 
prehend to  be  the  only  method  to  be  depended 
upon),  consequently  you  never  can  know  the  magni- 
fying power  of  your  Telescope,  till  you  truly  know 
the  focus  of  your  Eye-glass  : if  it  is  a negative  one, 
the  diameter  will  be  of  use  in  enabling  you  to  com- 
pare the  size  of  the  image  formed  by  it  with  that  of  a 
single  lens  of  known  focus,  and  so  obtaining  the  true 
power,  — a dynameter  will  also  do  the  work  of  a mi- 
crometer ; indeed,  it  is  nothing  else,  and  used  in  the 
manner,  and  with  the  reservations  described,  that  is, 
merely  to  determine  the  foci  of  lenses,  will  enable  us 
to  come  at  the  true  power  of  an  Instrument.” 

■“  A Plain  and  easy  Method  by  which  I could  always 
discover  the  Powers  of  my  Telescopes  very  readily, 
and  with  sufficient  Accuracy. 

“ At  the  distance  of  One  or  Two  Hundred  Yards 
from  the  Telescope,  put  up  a small  Circle  of  Paper 
of  any  determined  diameter,  an  inch,  for  instance, 
upon  a card,  or  any  piece  of  strong  paper,  through 
which  the  light  cannot  be  easily  transmitted  ; draw 
two  black  parallel  lines,  whose  distance  from  each 
other  is  exactly  equal  to  the  diameter  of  the  small 
circle;  adjust  the  Telescope  to  distinct  vision,  and 
through  it  view  the  aforesaid  small  circle  with  one 
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eye,  and  with  the  other  eye,  open  also,  view  at  the 
same  time  the  two  parallel  lines. 

Let  the  parallel  lines  be  then  moved  nearer  to,  or 
further  from  your  Eye,  till  you  see  them  appear  exactly 
to  cover  the  small  circle  viewed  in  the  Telescope; — 
measure  now  the  distance  of  the  small  circle,  and 
also  of  the  parallel  lines,  from  your  eye.  Divide 
then  the  Distance  of  the  former  by  that  of  the  latter, 
and  you  will  have  the  magnifying  power  of  the  Tele- 
scope required. 

“ Two  other  methods  to  determine,  by  experiment, 
the  power  of  any  Telescope  are  given  in  Dr.  Smith’s 
Optics,  in  the  Notes  upon  Art.  109  and  485.” — See 
Appendix  to  the  Nautical  Almanack  f or  1787,  p.  44. 


CHAPTER  XVII. 


OPINIONS 

ON 

ILLUMINATING  POWER, 

AND  OF  THE  COMPARATIVE  POWERS  O.F  REFLECT- 
1 ING  AND  ACHROMATIC  TELESCOPES. 

N.B. — The  Author  publishes  the  following  Opinions 
; with  very  humble  diffidence ; — after  all  the  care  that 
I he  has  taken  to  ascertain  and  write  the  Truth,  he 
\ fears  that  he  has  given  but  an  imperfect  sketch  of 
i it ; although  the  strong  persuasion  which  he  has,  that 
I he  has,  on  some  points,  written  the  very  Truth,  has 
I sometimes  prompted  him  to  express  himself  positively. 

The  Quality  of  a Telescope  which  should  be  first 
considered,  is  the  degree  of  what  Sir  Wm.  Her- 
1 scHEL  has  termed  its  “ Penetrating  Power,”  (see 
his  Paper  thereon  at  the  end  of  this  Chapter,)  or 
what  I call  “ Illuminating  Poiver but  this  is 
seldom  considered  at  all,  because  Nobody  has 
attempted  to  explain  its  operation  fully  and  fairly  in 
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plain  terms — which,  therefore,  I shall  endeavour  to 
make  perfectly  and  easily  intelligible  to  Everybody. 

Opticians  ai'e  often  asked  by  their  Customers, 
“ How  long  is  that  Telescope  ?” 

“ How  much  does  this  Telescope  Magnify  ?” — No 
Vidga?'  ILrror  is  more  common  than  the  notion,  that 
if  a Small  Telescope  magnifies  as  much,  that  you 
may  see  as  much  and  as  well  with  it,  as  with  a 
Larger  one  — although  such  an  idea  is  quite  as 
absurd,  as  it  would  be  to  suppose  that  you  can  See 
as  well  with  a little  Farthing  Rnshlight,  as  with  a 
Large  Argatid’s  Lamp. 

Compare  a Telescope  of  Three  inches  aperture, 
with  a Telescope  of  Six  inches  aperture,  while  the 
Magnifying  power  does  not  exceed  60  in  the  Day- 
time, you  may  not  perceive  the  effect  of  Illuminating 
power  so  evidently  as  you  may  expect — but  use  100 
by  Day,  or  160  by  Night,  it  will  appear  much  more 
evidently  than  you  wish,  and  you  will  find  that  such 
is  the  advantage  of  Illuminating  power,  that  objects 
not  only  appear  brighter,  and  are  more  easily  and 
more  clearly  visible,  in  the  larger  Telescope,  but  that 
with  the  same  magnifying  power,  they  appear  larger 
also, — especially  the  Satellites  of  Jupiter  and  Saturn, 
and  Small  Stars. 

This  I have  repeatedly  observed,  but  never  so 
strikingly,  as  in  observing  with  my  7 feet  Herschel’s 
Newtonian,  which  has  an  aperture  of  6-/jjths  inches, 
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and  with  my  3 feet  Watson  Gregorian,  which  has  an 
aperture  of  Q^^j^ths  inches,  when  I compared  them  at 
the  Planets  Jupiter  and  Saturn. 

The  following  Tickets  I have  seen  tied  to  Per- 
spectives in  a Sale  Shop  : — 

A Seven  Mile  Sight,  3s.  6d. 

A Nine  Mile  Sight,  4s.  6d. 

Eleven  Mile  Sight,  5s.  9J. 

For  a queer  unanswerable  question*,  often  asked, 
is,  “ How  far  can  I see  with  that  Telescope?  — 
can  I see  Two  miles  with  it  ?” — I remember  hearing 
this  put  to  a shrewd  son  of  Galileo,  who  instantly 
replied,  “ con  strepito,”  “ Two  Miles  ! — Sir,  you  can 
see  240,000  miles  with  it!!  — Sir,  you  can  see  the 
Moon  with  it ! ! !” 

* “ Indeed  the  Fate  of  an  Optician  is  very  hard,  if  he  be  one 
that  pretends  to  know  any  tiling  of  the  Theory  or  Principles  of 
Optics;  for  People  think  to  answer  such  questions  as  these, 
What  is  the  focus  of  the  Lens  ? How  many  times  does  it  magnify  ? 
What  Field  of  View  does  it  take  ini  &c. 

‘ Is  to  him  not  more  difficile. 

Than  to  a Blackbird  ’tis  to  whistle.’ 

“ And  because  it  would  be  appearing  in  a bad  Light,  not  to  give 
the  Querist  some  plausible  Answer,  tells  him  the  Lens  is  about 
^Ih  of  an  Inch  focus — That  the  Instrument  magnifies  200  times. — 
But  whether  his  Responses  are  rigorously  true,  or  not,  he  is  secure 
from  Detection,  and  he  knows,  that,  with  respect  to  such  People, 
he  can  sufficiently  satisfy  them,  with  a 

“ Crede  quod  habes,  et  habes.'’ 

Ben.  Martin  on  Micrometers,  8vo.  p.  3. 

M 2 
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In  estimating  the  comparative  powers  of  Telescopes, 
People  have  never  been  taught,  that  the  perform- 
ance of  these  Instruments  depends  as  much  upon 
Illuminating  Power,  as  upon  Magnifymg  Power — it 
is  therefore  desirable  to  have  a Scale  for  a guide, 
as  to  what  is  the  needful  proportion  of  Illuminating 
power  to  Magnifying  power,  for  various  Telescopes, 
and  for  the  various  Objects. 

“ Objects  are  viewed  in  their  gi’eatest  perfection, 
when,  in  penetrating  space,  the  Magnifying  power  is 
so  low  as  only  to  be  sufficient  to  shew  the  Object 
well — and  when,  in  Magnifying  Objects,  by  way  of 
examining  them  minutely,  the  space-penetrating 
power  {i.  e.  the  Illuminating  power)  is  no  higher 
than  what  will  suffice  for  the  purpose  5 for  in  the  use  of 
either  power,  the  injudicious  overcharge  of  the  other, 
will  prove  hurtful  to  perfect  vision.” — Sir  W.  H. 
in  Phil.  Trans,  vol.  xc.  p.  81. 

When  Illuminating  power  is  in  too  high  a degree, 
the  Eye  is  offended  by  the  extreme  brightness  of 
the  Object:  — Sir  W.  H.  informs  us,  in  the  Phil. 
Trans,  for  1794,  that  “ the  strong  light  of  the  20 
feet  Reflector  (the  aperture  of  which,  I believe,  was 
18-L,ths  inches),  in  observing  Saturn,  was  too  great 
a fatigue  to  the  Eye,  which  cannot  bear  to  look  at  a 
very  luminous  Object  for  a long  time  together,  for 
which  reason,  to  observe  Saturn,  I chiefly  used  my 
7 feet  Newtonian.” 

When  Illuminating  power  is  in  too  low  a degree, 
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the  Eye  is  distressed  by  its  endeavours  to  see  what 
it  cannot:  therefore,  it  is  extremely  desirable,  that 
when  we  wish  to  give  the  Eye  all  the  assistance  pos~ 
sible,  to  have  the  Illuminating  and  the  Magnifying- 
powers  in  due  proportion,  because  we  see  best  when 
we  see  easiest : — what  this  proportion  is,  depends 
upon  the  brightness  of  the  Object ; as  that  is  lu- 
minous, the  Magnifying  power  may  be  large, 

“ a Lyra,,  I surmise,  has  Light  enough  to  bear 
being  magnified  at  least  a Hundred  Thousand  times 
with  no  more  than  6 inches  of  aperture.” — See  Sir 
Wm,  H.’s  First  Catalogue  of  Double  Stars,  in  the 
Phil.  Trans,  for  1782;  and  the  Obs.  on  « Lyra,  in 
Chapter  XX. 

Sir  Wm.  H.’s  observation  applies  very  truly  to  a 
Lyra — but  not  to  the  faint  star  that  accompanies 
it  — which  is  an  extraordinary  and  unaccountable 
exception  to  the  general  rule,  that  objects  admit 
magnifying  power  in  proportion  to  their  brightness, 
for  this  extremely  faint  object  is  visible  only  with  a 
very  high  magnifier. — See  my  Obs.  on  a Lyra  in 
Chapter  XX. 

However  beautifully  perfect  a Telescope  may  be, 
and  however  sharp  its  Defning  power  may  be,  its 
performance  is  limited  by  its  Illuminating  power,  in 
like  manner  as  the  light  of  the  sharpest  Eye  requires 
a certain  degree  of  Light,  without  which,  the  pro- 
prietor of  it  can  see  no  more  with  his  Eye  — than  he 
can  with  his  Nose. 
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It  has  been  asserted,  that  the  Light,  or  “ the  Illu- 
minating Power”  of  Telescopes,  is  as  the  squares  of 
the  diameters  of  the  Apertures  of  the  Instruments : — 
on  this  established  dogma,  I have  foiined  my  Table 
of  Illuminating  power. 

As  Opticians  measure  by  Tenths  of  Inches,  I have 
1 educed  the  diameters  of  the  various  Telescopes  into 
Tenths — and  the  Squares  of  these,  (cutting  off  the 
last  figure)  I have  set  down  as  the  relative  Illumi- 
nating power  of  the  respective  Instruments. 

An  Optician  informed  me,  that  people  commonly 
suppose,  that  a Telescope  of  4 inches  in  diameter, 
will  be  twice  as  light  as  one  of  2 inches  in  diameter — 
(that  is  to  say,  when  the  Magnifying  power  of  the 
Instruments  is  the  same,)  instead  of  being  Four 
times  as  light,  as  the  squares  of  the  diameters  make 
it,  as  16  to  4;  that  is  to  say,  that  when  the  magni- 
fying powers  are  the  same,  that  in  the  Telescope  of  4 
inches  aperture,  the  pencil  of  Rays  will  be  four  times 
as  large  as  it  is  in  the  Telescope  of  2 inches  aperture. 

It  is  recorded,  that  the  Proprietors  of  a Water 
Company,  finding  it  convenient  to  borrow  aid  from 
another,  requested  permission  to  have  a pipe  laid  on, 
the  diameter  of  whose  bore  was  4 inches : this  was 
granted,  and  being  found  not  sufficient,  a second 
pipe  of  similar  size  was  requested,  which  was  also 
granted ; however,  previous  to  laying  down  the 
second,  a subtle  calculator  proposed,  that  as  if 
would  make  a better  job,  and  cost  very  little  more 
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lor  a pipe  of  8 inches  than  for  one  of  4 inches,  that 
an  application  should  be  made  for  leave  to  exchange 
the  two  smaller  pipes  for  the  larger  one,  which  was 
granted — the  other  party  not  being  aware  that  they 
were  giving  double  the  quantity  of  water,  or  8 times 
8,  or  64  square  inches,  instead  of  twice  16— or  32. 


The  above  Diagram  shews  that  a circle  of  2 inches 
in  diameter  will  contain  four  circles  of  1 inch  in  dia- 
meter, and  therefore,  that  the  Illuminating  Power 
of  Telescopes  is  as  the  Squares  of  their  Diameters. 

A Pencil  of  Rays  proceeding  from  a Telescope, 
makes  a vivid  and  effective  impression  upon  the  Eye, 
in  proportion  to  the  Brightness  and  the  Bigness  of 
it — and  of  Telescopes,  of  which  the  Magnifying  and 
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Illuminating  powers  are  equal,  objects  will  appear 
the  brightest  in  that  Instrument,  of  which  the  De- 
Jining  power  is  most  perfect,  and  that  to  a degree 
beyond  imagination. 

Distinctness  is  frequently  misnamed  Light  and 
brilliance.  A fine  Telescope,  is  said  to  be  remark- 
ably light,  because  all  the  rays,  by  the  mirror  being 
ground  perfectly  true,  unite  at  one  point ; and  this 
uniform  action  produces  the  same  strong  effect  as 
the  equal  bearing  of  every  fibre  of  Captain  Huddart’s 
cable,  of  which  every  thread  pulls. 

In  Comparing  of  Telescopes  of  various  Diameters, 
so  much  depends  upon  Distinctness,  or  on  what  I 
have  called  their  Defining  power,  that  it  is  to  no 
purpose,  that  their  Illuminating  and  Magnifying 
powers  are  equal,  unless  their  Defining  power  is 
equal  also. 

I have  seen  several  Achromatics  of  more  than  4 
inches  aperture  — and  several  Gregorians  of  7 and  9 
inches  aperture,  with  which,  from  the  want  of  De- 
fining  power,  I could  not  perceive  a glimpse  of  the  Di- 
vision in  the  Ring  of  Saturn,  which  looked  as  dull  as 
Lead — instead  of  shining  bright  like  highly  burnished 
Silver— as  it  does  in  a fine  Achromatic  Telescope, 
when  the  pencil  of  Rays  is  not  less  than  ^^jjth  of  an 
inch  in  diameter. 

Many  Telescopes  are  good  when  their  aperture  is 
contracted  a little,  which  are  bad  with  the  whole 
aperture. — See  Chapter  XX. 
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In  Astronomical,  as  well  as  in  all  other  concerns. 
Truth  is  the  first  desideratim  : — our  Telescopes  only 
delude  us,  unless,  like  the  Juryman’s  oath,  they  dis- 
play the  truth,  and  nothing  but  the  truth.  Astro- 
nomical amateurs  should  rather  seek  for  perfect 
Telescopes,  than  large  ones.  What  good  can  a great 
deal  of  bad  light  do  ? 

In  calculating  the  Illuminating  power  of  Telescope.s 
of  various  constructions,  a Scale  of  the  comparative 
brightness  of  the  pencil  of  rays  proceeding  from 
various  Instruments  and  various  Eye-pieces,  is  as 
needful  as  the  measure  of  the  bigness  of  it ; as  is  also, 
the  requisite  diameter  of  it  for  observing  various 
Objects. 

I think,  that  the  Vision  of  my  5 feet  Achromatic, 
which  has  an  Object-glass  of  S^^ths  inches  in  dia- 
meter, is  quite  as  bright  as  is  useful  for  observing 
Saturn,  when  it  magnifies  114  times  — and  that  for 
observing  planets,  there  is  no  use  for  a pencil  of 
Rays  from  an  Achromatic  Object-glass  being  larger 
than  ;^jjth  of  an  inch  in  diameter,  that  is,  the  magni- 
fying power  which  is  given  by  setting  down  the 
diameter  of  the  Object-glass  in  tenths  of  inches,  and 
multiplying  that  sum  by  3. — This  is  allowing  an 
Achromatic,  a pencil  half  as  large  again  as  that  set 
down  by  Sir  W.  H.  for  observing  Satm’n  with  a 
Newtonian — for  which  he  says,  that  a speculum  of 
firoths  in  diameter  gave  light  enough  with  a power 
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of  287,  consequently  it  was  less  than  the  45th  of  an 
inch  in  diameter. 

63 


252 

311 


283^ 

For  observing  Planets,  our  atmosphere  will  very 
seldom  allow  us  to  employ  a greater  Magnifying 
power  than  200. 

Assuming  that  the  pencil  of  rays  need  not  be 
larger  than  the  30th  of  an  inch  — and  that  the  Mag- 
nifying power  need  not  be  larger  than  200  times  — if 
an  aperture  of  3.j®^ths  inches  admits  a magnifying 
power  of  114,  what  aperture  is  required  for  a magni- 
fying  power  of  200? — The  Rule  of  Three  will  tell 
us — 

If  114  : 38  ::  200 

200 


114)7600(6.6  inches  aperture. 
684 


760 

684 


76. 

Thus  it  follows,  that  an  Achromatic  of  O/^ths  inches 
aperture  and  7 feet  focus,  and  a Reflector  of  10 
inches  aperture  and  7 feet  focus,  are  as  large 
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Telescopes  as  the  Atmosphere  of  this  Country  per- 
mits us  to  use. 

Fo7'  observing  Double  Stars— to  shew  them  with  a 
neatly  circumscribed  disk  like  a Planet  the  pencil 
of  rays  from  an  Achromatic  must  not  be  larger 
than  the  60th  or  70th  of  an  inch  in  diameter,  that  is 
to  say,  that  which  is  given  by  setting  down  the 
diameter  of  the  Object-glass  in  tenths  of  inches,  and 
multiplying  that  sum  by  6 or  in  some  cases  by  7 
that  is,  a power  of  about  180  for  an  Object-glass  of 
2^^ths  inches  in  diameter,  and  of  about  250  for  ah 
Object-glass  of  3^ths  inches  in  diameter. — See 
Chapter  XX. 

What  I have  observed  of  Reflecting  Telescopes, 
that  the  Makers  should  keep  to  certain  lengths  and 
certain  apertures,  applies  still  more  strongly  to 
Achromatics. 

The  greater  the  number  made  of  the  same  diameter 
and  the  same  focal  length,  the  greater  variety  of 
combinations  may  be  tried,  as  the  concave  and  con- 
vex Lenses  which  compose  their  double  Object-glass 
and  the  Crown  and  the  Flint  Glass,  can  be  better 
adapted  to  correct  the  aberrations  of  each  other ; thus 
the  more  manufactured  of  one  sort,  the  more  easily 
and  more  perfectly  each  Object-glass  may  be  made. 

1 have  been  told  by  a Working  Optician  of  con- 
siderable experience,  that  when  he  mikes  a couple  oj 
Dozen  Object-glasses  of  2fths  inches  aperture,  and 
gets  One  in  which  the  spherical  and  chromatic  aber- 
rations are  perfectly  corrected,  and  that  will  define  a 
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fixed  star  neatly — that  he  has  quite  as  much  luck  as  he 
looks  for : — if  it  is  so  extremely  difficult  to  find  One 
really  fine  Object-glass  of  2|ths  inches  diameter, 
when  you  have  Two  Dozen  to  pick  it  out  of — what 
must  not  be  the  difficulty  of  g’etting  one  of  6 inches 
in  diameter?  Why,  the  difficulty  cannot  be  less 
than  in  the  proportion  of  its  Illuminating  Power  5 
and  if  with  72,  the  Illuminating  power  of  the  Object- 
glass  of  2/oths  in  diameter,  it  is  24 — what  will  it  be 
with  360,  the  Illuminating  Power  of  the  Object- 
glass  of  6 inches  in  diameter  ?— The  Rule  of  Three 
will  tell  us. 


If  72  : 24  : : 360 

24 


1440 

720 


72)8640(120 

72 


144 

144 

So,  If  the  Gentleman’s  reckoning  that  Opticians 
get  only  1 fine  Object-glass  of  2^^^ths  diauTeter  out 
of  24  is  right — of  6 inches  aperture  we  are  only  to 
expect  1 out  of  120 ! 

I fancy  that  I may  say,  without  much  danger  of  being 
contradicted,  that  not  above  10  Achromatic  Object- 
glasses  of  6 inches  Aperture  have  been  made  during 
the  last  1825  years — therefore,  if  our  future  Opticians 
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are  equally  enterprising  and  equally  industrious,  it  will 
take  at  least  18  Thousand  2 Hundred  and  50  Years 
before  Eye  may  hope  to  see  a perfectly  fine  Object- 
glass  of  6 inches  Aperture.  A long  time  to  be  sure — 
but  might  not  the  period  be  shortened,  by  persuading 
our  Glass-Grinders  to  work  faster  ? 

It  has  been  suggested  (by  what  signifies  who)  that 
the  art  of  Music  might  probably  effect  this — and  that 
whereas  Opticians  have  observed,  that  the  muscles  em- 
])loyed  in  making  an  Object-glass,  sometimes  become 
so  exceedingly  relaxed,  that  they  will  hardly  do  5 days’ 
work  in  6 — on  the  contrary,  that  their  agility  may  be 
restored,  and  indeed  so  augmented  by  the  continual 
stimulus  of  certain  Sounds,  that  they  may  be  excited 
to  do  7 days’  work  in  6 days,  and  the  said  Object- 
glass  be  produced  in  ifh  less  time — i.  e.  in  2.607 
Years  52  Days  1 Hour  42  Minutes  5 Seconds  and  ~tk 
of  a Second  less  time — i.  e.  that  I may  hope  that 
Eye  may  hope  to  see  a fine  6 inch  Object-glass  in 
only  a little  more  than  15  Thousand  Years  ! 

Although  the  above  calculation  may  not  be  so  in- 
teresting to  certain  vulgar  persons  who  are  anon 
anon  crying,  on  all  occasions,  “ cui  hono  ?” — it  is  pre- 
sumed, that  to  some  minute  Philosophers  it  is  quite  as 
important  and  quite  as  useful  as  some  of  those  reck- 
onings, to  which  some  pretenders  to  science  have 
been  indebted  for  no  small  portion  of  their  Fame. 

So  we  have  ventured  to  insert  it,  and  also  the  follow- 
ing anecdote  illustrative  of  a convenient  effect  of  Music 
on  Muscular  Motion, — presuming  that  we  shall  be 
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pardoned  for  such  digression  by  hilarious  and  jocund 
Gentlemen  who  love  to  Laugh — and  of  those  sad  and 
silly  Cynics  who  think  that  no  man  can  ever  be  Wise, 
who  is  ever  Merry,  we  beseech  their  Patience  for  a 
couple  of  pages  more,  when  we  promise  again  to  be- 
come as  matter-o’-factish  as  your  Mathematician, 
and  as  melancholy  as  your  Would-be-thought  wise 
man  sometimes  thinks  it  becoming  to  pretend  to  be. 

It  is  recorded,  that  during  the  preparation  for  a 
General  Mourning,  a certain  Master  of  the  Sheers, 
whose  Customers  were  anxious  to  be 

“ Robed  in  Uie  sable  garb  of  Woe” 

in  due  time,  encouraged  his  workmen  to  proceed  with 
their  utmost  agility,  by  the  promise  of  a good 
Supper  as  soon  as  their  work  was  done  — and  retired 
into  his  Parlour,  which  overlooked  the  Shop. 

After  finishing  part  of  his  pint  and  pipe,  on  look- 
ing at  his  men,  he  was  electrified  with  astonishment 
to  behold  them,  notwithstanding  the  promised  reward 
of  a capital  Jollification  as  soon  as  they  had  done  the 
Job — that  their  Arms  were  all  moving  simultaneously 
in  an  unaccountably  irregular  and  whimsical  manner  ; 
half  a dozen  stitches  were  followed  by  a general 
pause  — another  stitch  or  two  — another  — and  again 
the  threads  were  drawn  with  funeral  slowness,  and 
another  genei'al  rest  of  Arms  ensued  — his  Patience 
quite  exhausted,  he  started  up,  and  proceeded  to- 
wards the  scene  of  action ; but  before  he  had  half 
reached  it,  his  Legs  were  arrested  by  his  Ears  at  the 
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same  suit  which  had  made  captive  the  arms  of  his 
Men,  and  his  progress  was  checked  by  a chord  of 
slow  Music — it  ceased,  his  locomotive  machinery  was 
again  ready  for  action,  when  his  Legs,  like  as  he  had 
seen  his  men’s  Arms,  were  again  suddenly  arrested 
by  another  strain  of  Music — listening  a little  longer, 
he  discovered,  that  the  irregular  action  of  his  Artists 
arose  from  .their  listening  to  a neighbouring  musician 
who  was  practising  “ The  Dead  March  in  Saul.” 
Bobs  ! cried  our  Master  Tailor,  what  a glorious 
opportunity  of  proving  the  Power  of  Music ! I’ll 
pop  in  and  tell  Signor  Violino  what  a grand  effect 
his  Playing  has  on  our  Working,  and  ask  him  to  give 
them  something  “ Vite” — “Vivace” — “ poco  largo.” 
The  Knights  of  the  Needle  no  sooner  heard  “ Moll 
i’  the  Wad,  ” than  their  Ears  insisted  on  their  Elbows 
sympathising  “ suhito,”  and  accordingly,  they  moved 
as  nimbly  as  that  of  the  Chevalier  del  Arco — 

“ Such  sweet  compulsion  doth  in  Music  lie,”  (Milton.) 

that  they  moved  their  Steel  so  fast,  that  many  of 
them  pricked  their  fingers.  — Ah  ! Hah  ! cried 
Signor  Violino,  “ Spizzicato.”  Ah  ! Hah  ! — “ dolce, 
dolce,”  we  must  ply  them  with  one  “ poco  presto” — 
we  must  proceed  “ con  discretione”  — “ con  dolce 
maniera”  let  us  tash  away  in  one  Grand  March  : 
during  his  performance  of  this,  the  “ Tutti”  took 
their  stitches  so  suddenly  and  so  long,  that  each  man 
marched  his  needle  plump  against  his  neighbour’s 
Elbow — till  the  Chevalier’s  Harmony  was  accom- 
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panied  by  as  much  Discord,  as  the  unconcatenated 
sounds  of  the  Der  Freischutz  itself. 

following  is  “ the  Glass-grinder’s  Uoundelay,” 
from  a copy  in  my  possession;  to  which  there  is 
affixed  neither  the  name  of  the  writer  nor  the  com- 
poser ; therefore,  it  is  quite  impossible  to  imagine  at 
exactly  what  period  it  was  produced.  Whether  it 
was  composed  by  Galileo,  Huygens,  Ramsden,  Dol- 
lond,  “ n’ import e,”  if,  by  the  continual  chaunting  of 
it.  Opticians  can  do  7 days’  work  in  6,  and  make 
a fine  Object-glass  of  6 inches  aperture  in  only  a 
trifle  more  than  15  Thousand  Years. — May  be  you 
don’t  mind  who  made  it.  Gentle  Reader,  much  more 
than  I do. 

THE  GLASS-GRINDER’S  ROUNDELAY. 


Presto. 


(]  . 

^ 



f Zl  1 g 

1 • 

_J[  -1  -ly 

-H 

Grind  a - way,  Jol-ly  Boys,  Grind  a - way.  Grind  a- 


way  Jol-ly  Boys,  Grind,  a - way,  Grind  a - way. 
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“ INVESTIGATION  OF  THE  CAUSE  OF  THAT  IN- 
DISTINCTNESS OF  VISION  WHICH  HAS  BEEN 
ASCRIBED  TO  THE  SMALLNESS  OF  THE  OPTIC 
PENCIL.  BY  WILLIAM  HERSCHEL,  LL.D.  F.R.S. 

[Read  June  22,  1786.] 

“Soon  after  my  first  essays  of  using  high  powers 
with  the  Newtonian  telescope,  (see  page  134  pre- 
ceding,) I began  to  doubt  whether  an  opinion 
which  has  been  entertained  by  several  eminent 
authors,  “ that  vision  will  grow  indistinct,  when 
the  optic  pencils  are  less  than  the  40th  or  50th 
part  of  an  inch,”  would  hold  good  in  all*  cases. 
To  judge  according  to  so  rigid  a criterion,  I per- 
ceived that  I was  not  entitled  to  see  distinctly 
with  a power  much  more  than  about  320,  in  a 7 feet 
telescope,  which  bore  an  aperture  of  6.j?^ths  inches  ; 
whereas,  in  many  experiments  on  double  stars,  I 
found  myself  very  well  pleased  with  magnifiers  that 

* This  Rule  did  hold  good  in  Reflecting  Telescopes  in  All 
cases,  till  Dr.  H.  turned  the  attention  of  Astronomers  to  Double 
Stars,  the  intense  intrinsic  brightness  of  some  of  which  will 
admit  of  much  more  magnifying  power  than  any  of  the  Planets — 
many  Stars  will  not  appear  sharply  and  distinctly  defined  until 
the  pencil  of  Rays  is  less  than  the  70th  of  an  ineh  in  diameter ; 
.some  require  it  even  less  than  that,  however  perfect  the  Telescope. 

The  Eye  is  not  sufficiently  stimulated  by  Saturn  with  a pencil 
less  than  the  40th  of  an  inch,  i.  e.  a power  of  about  250,  with  a 
7 feet  Newtonian,  witli  an  aperture  of  6-fgths  inches. — W.  K. 
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far  exceeded  such  narrow  limits.  This  induced  me, 
as  it  were,  by  way  of  apology  to  myself,  for  seeing 
well  where  I ought  to  have  seen  less  distinctly,  to 
make  a few  experiments  on  the  subject  of  the  dia- 
meter of  optic  pencils.  It  occurred  to  me,  that  an 
opinion  which  limits  them  to  any  given  size  cannot 
be  supported  by  theory,  which  does  not  determine 
on  subjects  of  this  nature,  but  must  be  decided, 
like  many  other  physical  questions  relating  to  mat- 
ters of  fact,  by  careful  experiments  made  upon  the 
subject*.” 

'experiment  with  the  naked  eye.  p.  501. 

“ Exp.  1. — Through  a very  thin  plate  of  brass  1 
made  a minute  hole  with  the  fine  point  of  a needle ; 
its  magnified  diameter,  very  accurately  measured 
under  a double  microscope,  I found  to  be  .465  of  an 
inch,  while,  under  the  same  apparatus,  a line  of  .05 
in  length  gave  a magnified  image  of  3.545  inches. 
Hence  I concluded,  that  the  real  diameter  of  the 
perforation  was  about  the  152d  part  of  an  inch. 
Through  this  small  opening,  held  close  to  the  Eye,  1 
could  very  distinctly  read  any  printed  letters  on  which 
I made  trial.” 

MICROSCOPIC  experiments. 

“ N.  8. — This  gave  a pencil  of  2173d  part  of  an 
inch,  with  which  I could  count,  or  rather  successively 

* Phil.  Trans,  vol.  Ixxvi.  p.  500. 
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see,  the  bristles  on  the  edge  of  the  wing  of  a fly 
veiy  well ; the  field,  on  account  of  the  great  power, 

I not  taking  in  more  than  two  large  and  a small  one 
at  a time.”  p.  503. 

Exp.  10. — It  appeared  that  with  equal  pencils, 
unequal  degrees  of  distinctness  may  take  place,  and 
Dr.  H.  very  rationally  deduces  from  this,  that  a 
certain  proportion  of  aperture  is  necessary  to  a given 
focal  length  of  an  object  lens  or  speculum;  and  that 
a failure  in  this  point  might  probably  bring  on  that 
indistinctness  which  has  been  ascribed  to  the  small- 
ness of  the  pencils.”  p.  504. 

“ I shall,  however,  now  proceed  just  to  hint  at  a 
few  inferences  that  may  be  drawn  from  these  related 
experiments;  as,  upon  a mature  consideration,  we 
may  find  reason  to  believe  they  point  out  a cause  of 
indistinctness  of  vision  hitherto  never  noticed  by 
optical  writers;  and  which,  when  properly  investi- 
gated, cannot  but  influence,  and  in  some  respects 
contribute  to  the  improvement  of  our  theories  in 
optics.  For  admitting  that  everi/  Object-Glass  or 
Speculum,  whose  aperture  bears  less  than  a certain 
ratio  to  its  focal  length,  xoill  begin  to  give  an  indis- 
tinct picture,  it  will  follow,  that  while  former  op- 
ticians have  been  endeavouring  to  diminish  the 
aberrations  arising  from  the  spherical  figure,  and 
the  different  refrangibility  of  rays,  by  increasing  the 
focal  length,  they  have  been  unaware  of  exposin®- 
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themselves  to  the  consequences  of  the  cause  of  in- 
distinctness here  pointed  out.  And  till  its  influence 
shall  be  well  ascertained  and  brought  to  a proper 
theory,  we  must  suspect  that  such  tables  as  those 
which  are  given  in  our  best  authors  on  Optics,  point- 
ing out  an  aperture  of  less  than  6 inches  for  a glass 
of  an  120  feet  focal  length  (or  a ratio  of  1 to  240), 
must  be  far  from  having  that  degree  of  perfection 
which  may  yet  be  obtained.  No  wonder  that  tele- 
scopes, made  according  to  theories  or  tables,  where 
one  of  the  causes  of  indistinctness  is  unsuspected, 
and  therefore  left  out  of  the  account,  can  bear  no 
smaller  pencil  than  the  40th  or  50th  part  of  an  inch  ! 

“ If  then,  on  one  hand,  by  increasing  our  aper- 
tures we  certainly  run  into  great  imperfections,  we 
ought,  nevertheless,  to  consider  what  danger,  on  the 
other,  we  may  incur  by  lessening  them  too  much.” — 
Fhil.  Trans,  vol.lxxxvii.  p.  506. 

As  I have  said — in  9 nights  out  of  10,  the  Atmos- 
phere prevents  the  application  of  a higher  power 
for  Planets  than  200  — double  that  is  enough  for 
defining  almost  any  Double  Star  — and  that  with 
these  objects,  and  with  these  powers,  the  vision  from 
an  Object-Glass  of  6,  or  a Speculum  of  10  inches  in 
diameter,  is  as  vivid  as  the  Eye  wishes; — this  is 
extremely  important  data,  because  the  less  the  dia- 
meter of  the  Object-Glass  or  Speculum,  the  greater 
is  the  chance  of  its  material  being  good,  and  of  its 
figure  being  good— and  the  facility  of  using  it. 
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An  Object-Glass  of  6 inches  aperture  may  be 
made  of  10  or  7 feet  focus,  and  may  perhaps  be  worked 
perfectly;  but  the  errors  proceeding  from  aberra- 
tion arise  in  such  an  extremely  high  ratio  in  larger 
Apertures,  that  it  is  hardly  to  be  hoped  that  human 
ingenuity  will  ever  produce  an  Achromatic  of  larger 
Aperture,  possessing -that  perfect  degree  of  Defining 
power,  which  is  indispensable  for  Planetary  observa- 
tions : — there  is  a limit  to  the  perfect  manipulation 
of  Lenses,  they  cannot  be  worked  of  larger  diameter 
than  Specula;  and  Sir  W.  H.  observes,  in  vol.  Ixxxiv. 
of  the  Phil.  Trans,  that  “ the  maximum  of  distinct- 
ness is  much  easier  obtained  in  a Metal  of  6 inches 
in  diameter  than  it  is  in  larger  ones/’ 

Specula  are  dear  in  proportion  to  the  difficulty  of 
working  them,  which  arises  in  a high  ratio  to  their 
diameter,  as  the  following  prices  do,  for  a Metal  of 
6^ths  in  diameter:  the  price  put  down  in  Mr. 
Tulley’s  Catalogue,  see  page  83,  is  £105, 

For  a Metal  of  7 inches  £126 
For  ditto  of  9 inches  . . 210 
For  ditto  of  10  inches  . . 313 

The  following  is  an  abstract  of  the  account  pub- 
lished by  the  Astronomical  Society  of  London,  of 

Fraunhofer’s  achromatic. 

“ The  Tube  is  13  feet  long,  constructed  of  Deal 
m the  strongest  manner,  and  overlaid  with  Ma- 
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hogany,  so  worked  that  it  appears  like  a tube  of 
highly  burnished  Copper.  The  Object-Glass  and 
Eye-Glasses  are  set  in  metal  frames,  and  provided 
with  adjusting  screws,  for  the  purpose  of  bringing 
the  axis  of  the  Glasses  into  one  straight  line.  The 
diameter  of  the  Object-Glass  is  9 Paris  inches. 

“ The  most  perfect  motion  round  the  Polar  axis  is 
produced  by  means  of  Clock-work,  which,  when  set 
in  motion,  the  Star  will  remain  quietly  in  the  centre 
of  the  field*',  even  when  magnified  700  times.  At 
the  same  time,  there  is  not  the  least  shake  or  waver- 
ing of  the  Tube ; and  it  seems  as  if  we  were  ob- 
serving an  immoveable  Sky.  This  instrument  has 
4 Eye-pieces,  the  least  of  which  magnifies  175  times, 
and  the  largest  700. 

Schrbter’s  25  feet  Reflector  is  decidedly  very 
inferior  to  this  Instrument. 

“ This  masterpiece  was  sold  to  us  by  Privy  Coun- 
sellor Von  Utzschneider,  the  chief  of  the  Optical 
Establishment  at  Munich,  for  £950,  a price  which 


only  covers  the  expenses  which  the  establishment 


incurred  in  making  it. 


“ W.  Struve.” 


Dorpat,  1st  Jan.,  1825. 

* This  movement  is  a very  great  advantage,  because  it  is 
highly  necessary  that,  while  we  are  adjusting  a Telescope  to 
distinct  vision,  the  Object  should  be  in  .the  centre  of  tire  field 
of  view,  that  being  tlie  most  perfect  part  of  the  field.  — Read 
Chapter  X. 
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See  Professor  Struve’s  Letter  to  Francis 
Bailey,  Esq.  President  of  the  Astronomical  So- 
ciety of  London,  on  Fraunhofer’s  Telescope,  at  the 
Observatoiy  at  Dorpat. 

Professor  S.  says  that  this  Instrument  is  superior 
to  Schroter’s  Reflector,  because  it  shews  more  Small 
Stars  j — that  is  only  evidence  of  its  Illuminating 
power,  but  he  has  not  adduced  any  proof  of  its 
Dejining  Power. 

I have  seen,  and  may  be.  Gentle  Reader,  your 
Eye  has  seen  some  very  handsome  and  some  very 
very  large  Telescopes,  that  would  shew  lots  of  Small 
Stars,  which  were,  nevertheless,  bad  enough — and 
would  not  sharply  define  any  of  the  Planets. 

I do  not  pretend  to  give  any  infallible  Rules  as  to 
what  must  be  the  diameter  of  a cone  of  rays,  coming 
from  a Gregorian  Reflector,  to  be  equal  to,  i.  e.  to 
paint  as  vivid  a picture  on  the  retina,  as  that  trans- 
mitted by  an  Achromatic  Refractor. 

The  Table  at  the  end  of  this  Chapter  approximates 
as  nearly  to  the  truth  as  I have  been  able  to  cal- 
culate, according  to  the  estimate  that  the  Light  of 
Telescopes,  of  similar  construction,  is  in  proportion 
to  the  squares  of  the  diameters  of  their  Apertures. 

I think  that  the  Light  transmitted  by  the  Object- 
Glass  of  an  Achromatic,  is  at  least  twice  as  vivid  as 
that  reflected  by  the  Speculum  of  a Reflecting  Tele- 
scope, that  is  to  say,  a cone  of  Rays  of  -^Vh  of  an 
inch  in  diameter  from  an  Achromatic,  will  make  as 
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strong  an  impression  upon  the  Eye,  as  a cone  of  Rays 
from  a Reflector  of  double  that  diameter  — this 
reckoning  I made  with  the  Huygenian  Eye-tube  for 
the  Achromatic. 

The  Newtonian  Telescope,  I think,  reflects  rather 
more  Light  than  either  the  Gregorian  or  Casse- 
granian,  which  I believe  are  upon  a par. — See  Sir 
Isaac  Newtoji’s  Paper  in  page  155;  and  read  the 
whole  of  Chapter  IX. 

Before  I had  any  idea  of  endeavouring  to  lay  down 
a Scale  of  the  proportions  of  Illuminating  and  of  Mag- 
nifying power  to  each  other,  in  Telescopes  of  various 
constructions,  and  their  application  to  various  objects ; 
I found  on  trying  my  Herschel  7 feet  Newtonian  with 
a power  of  213,  that  it  gave  me  about  the  same  degree 
of  Illumination  of  Saturn,  as  my  5 feet  Achromatic 
did  with  160 — and  that  250  was  quite  as  much  as  my 
Eye  liked  with  that  Newtonian,  as  190  was  rather 
beyond  the  maximum  wjth  the  5 feet  Achromatic — 
this  corroborates  the  accuracy  of  my  estimate  of  the 
relative  brightness  of  the  pencil  of  rays  from  an 
Achromatic  and  from  a Newtonian,  and  proves  that 
it  approximates  to  the  truth — for  as  the  Illuminating 
power  of  the  5 feet  is  144 — 'and  of  the  Newtonian 
396 — 'Or,  as  its  pencil  is  required  to  be  double  the 
diameter  of  that  from  the  Achromatic,  we  will 
reckon  it  198,  the  Rule  of  Three  will  give  us  what 
Magnifying  power  a Telescope,  with  an  Illuminating 
power  of  198,  will  bear,  to  be  as  bright  and  distinct 
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as  a Telescope  with  an  Illuminating  power  of  144 
is  with  160. 

If  144  gives  160,  what  does  198 

160 


11880 

198 


144)31680 (220 
288 


288 

288 


and  if  190  is  rather  beyond  the  maximum  of  mag- 
nifying power  for  Saturn  in  the  5 feet  — what  is  it 
in  the  7 feet  ? 

If  144  gives  190,  what  does  198 

190 


17820 

198 


144) 37620 (261 
288 


882 

864 


180 

144 


36 
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261  is  rather  beyond  the  maximum  of  Magnifying 
power  for  Saturn,  in  the  7 feet  Newtonian. 

The  powers  213  and  250  are  produced  by  the  same 
Huygenian  Eye-tubes,  which  applied  to  the  5 feet 
Achromatic,  produce  160  and  190 — the  Focal  length 
of  the  5 feet  Telescope  rather  exceeds  its  nominal 
length ; and  the  Focal  length  of  the  7 feet  is  rather 
short  of  what  it  is  denominated. 

The  facts  related  above,  support  my  assertion, 
that  the  Pencil  of  Rays  from  a Newtonian  Reflector 
is  about  half  as  effective  as  that  from  an  Achromatic — 
and  according  to  that  reckoning,  that  the  effective 
Illuminating  power  of  the  7 feet  Newtonian,  with  a 
Speculum  of  6-/„ths  inches  in  diameter,  is  to  the 
5 feet  Achromatic,  with  an  Object-Glass  of  3^ths 
inches  in  diameter — as  198  to  144,  therefore  the 
Former  is  by  full  |th  a more  powerful  instrument 
than  the  Latter. 

Dr.  Maskelyne  states,  in  the  Appendix  to  the 
Nautical  Almanack  for  1787,  that  to  be  as  light, — 
the  aperture  of  a Common  Reflecting  Telescope  must 
be  to  that  of  an  Achromatic  Telescope  as  8 to  5 — but 
he  does  not  mean  as  the  Squares  of  those  numbers — 
i.  e.  as  64  to  25. 

I have  reckoned  in  my  Table  of  the  Comparative 
Illuminating  Powers  of  Achromatic  and  Gregorian 
Telescopes  — that  an  Achromatic  of  Two  inches 
aperture,  is  about  upon  a par  with  a Gregorian 
Reflector  of  Three  inches  aperture,  calling  the  I Hu- 
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ruinating  power  of  the  former  40,  and  of  the  latter 
; 90  : — if  the  defining  power  of  the  Gregorian  be  equal 
to  that  of  the  Achromatic,  the  Reflector  ought  to  be 
the  more  effective  instrument. 

I compared  a ~5  feet  Achromatic  with  a double 
Object-Glass  of  Sy^ths  inches  in  diameter,  and  whose 
; Illuminating  power  I therefore  call  144,  with  a Gre- 
: gorian  Reflector  of  2 feet  focus  and  fifths  inches 
j in  diameter,  and  Illuminating  power  280 — therefore, 
j when  the  Magnifying  power  of  the  two  Instruments 
I was  equal,  the  pencil  of  Rays  reflected  from  the 
I Speculum  was  very  nearly  double  the  diameter  of 
I that  transmitted  by  the  Object-Glass : — these  In- 
! struments  were  equally  excellent,  and  their  Mag- 
! nifying  powers  were  equal;  I tried  them  at  some 
I Gilt  Letters,  on  a board,  at  about  half  a mile  distant, 

I which  were  very  well  illuminated : the  Reflector  was 
equal,  if  not  superior  to  the  Achromatic. 

I had  no  opportunity  of  comparing  these  Instru- 
ments at  either  a Star  or  a Planet,  or  I suppose  that 
the  Achromatic  would  have  been  superior  in  shewing 
these  Small  Stars,  like  that  which  accompanies  the 
Pole  Star,  &c. 

On  the  2d  of  October,  1822,  between  nine  and  ten 
in  the  evening,  I compared  a celebrated  7 feet  Achro- 
matic with  an  aperture  of  4 inches,  with  an  excellent 
Gregorian  of  3 feet  focus  with  an  aperture  of  7 

inches,  which  was  contracted  to  6 inches  ; with 

the  Achromatic,  with  all  its  aperture  and  a power  of 

N 2 
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240,  Saturn  was  not  so  sharply  defined  as  when  the 
Object-Glass  was  contracted  by  a ring  of  pasteboard 
to  3y'’^ths  — the  Gregorian  Telescope  shewed  the 
Belts  on  the  Body,  aird  the  Division  in  the  Ring  of 
Saturn,  more  distinctly  than  the  Achromatic,  espe- 
cially with  high  powers : — this  7 feet  Achromatic 
shewed  the  Small  Star,  near  the  Pole  Star,  uncom- 
monly plain. 

On  the  9th  May,  1824,  I compared  a fine  44  inch 
Achromatic  of  2./^ths  aperture,  with  a Gregorian 
Reflector  of  12  inches  focus  and  of  4 inches  aper- 
ture:— Jupiter  did  not  appear  so  white  in  the  Gre- 
gorian as  it  did  in  the  Achromatic  •,  yet  two  Opticians 
who  observed  it,  agreed  with  me,  that  the  Belts  were 
more  distinctly  visible  in  the  Gregorian — however, 
we  saw  the  Small  Star,  near  the  Pole  Star,  in  the 
Achromatic,  but  coirld  not  perceive  it  with  the  Re- 
flector, which,  with  a power  of  250,  defined  Castor 
like  two  little  moons;  giving  them  less  diameter 
than  they  had  with  that  power  in  the  Achromatic — 
and  increasing  their  separation. 

1824,  Dec.  20th,  half-past  9 — Saturn  very  near  to 
the  Meridian,  with  the  above-mentioned  Gregorian, 
and  a power  of  130,  the  division  in  the  Ring  as 
visible  as  with  my  fine  30  inch  Achromatic,  which 
has  a double  Object-Glass  of  2.^jjths  inches  in  dia- 
meter. 

I expected  that  the  Belts  of  Jupiter  and  Saturn, 
and  the  Division  in  his  Ring,  would  be  easily  seen 
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in  proportion  that  a Telescope  shews  those  Planets 
of  a White  colour— z.  e.  as  the  contrast  between  the 
colour  of  the  Body  and  the  Belts  upon  it,  is  greater  . 
however,  in  the  trial  recorded  above,  the  Achromatic 
shewed  these  Planets  whiter  than  the  Reflector  j yet 
the  Belts  of  Jupiter,  and  the  Division  in  the  Ring  of 
Saturn,  and  Day  objects,  appeared  more  distinctly 
in  the  Reflector  than  in  the  Achromatic  Telescope. 

Mr.  Ben.  Martin  tells  us,  that  “ it  is  by  Reflected 
Vision  only  that  an  Optical  instrument  truly  Colour- 
less, can  possibly  be  constructed.” — B.  Martin’s 
Optical  Essays,  p.  42. 

This  is  fortunate,  because  Reflecting  Telescopes 
have  been  made  good  by  several  Amateurs — Achro- 
matic Refractors  are  a complicated  work,  which  is 
very  seldom  produced  perfect  by  even  the  most 
experienced  and  most  expert  Opticians  : without 
any  reflection  on  refractors,  they  deserve  the  riiis- 
nomer  which  a Showman  gave  to  his  Telescope — “ it 
is  a Refractory  Telescope.” 

Achromatics  are  inferior  to  Reflectors  for  Day 
purposes,  and  for  observing  Planets,  but  when  very 
perfect  they  shew  Small  Double  Stars  better  than 
the  generality  of  Gregorian  Reflectors. 

I am  disposed  to  attribute  this  failure  of  the  de- 
fining power  of  the  Gregorians  when  turned  to  Small 
Stars,  merely  to  their  not  having  been  finished  with 
due  attention  for  that  especial  purpose, — or  to  their 
not  being  exactly  in  Adjustment: — great  care  and 
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pains  have  of  late  years  been  bestowed  on  Achro- 
matic Telescopes  ; but  Reflectors  for  the  last  twenty 
years  have  almost  entirely  neglected. 

For  the  following  information,  I am  indebted  to 
Mr.  CuTHBERT,  maker  of  Reflecting  Telescopes, 
&c. — See  pp.  95  and  169  of  this  work, 

“ Dear  Sir, 

“In  compliance  with  your  wish  to 
know  my  method  of  adjusting  the  small  metals  of 
Reflecting  Telescopes,  I beg  leave  to  make  the  fol- 
lowing communication  : — 

“ I place  the  ball  of  a Mercurial  Thermometer  at 
about  one  hundred  yards  distance,  and  in  that  situa- 
tion that  the  Sun  may  shine  on  it  about  5 or  6 
o’clock  in  the  Evening, — the  Atmosphere  gets  more 
quiet  towards  Night. 

“ When  I view  this  Ball  with  the  Telescope,  to  be 
adjusted  when  the  Sun  shines  upon  it,  if  the  Figure 
of  the  Metals  are  good,  and  in  good  adjustment,  I 
see  a perfectly  round  and  well-defined  artificial 
Star. 

“ To  ascertain  whether  the  small  metal  is  in  ad- 
justment, I separate  it  from  the  large  one  by  turning 
the  adjusting  screw  back  about  two  turns  ; the  spot 
of  light  will  then  increase,  and  a black  spot  appear 
exactly  in  the  centre,  (if  the  metal  is  in  adjustment,) 
if  not,  it  must  be  made  to  fall  exactly  in  the  centre, 
by  screwing  in  the  screw  which  is  on  the  side  the 
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1 black  spot  is  inclined  to,  and  unscrewing  the  oppo- 
site one ; this  must  be  effected  by  small  quantities  of 
I a turn  at  a time,  and  then  examined  again — the 
eighth  of  a turn  will  be  found  to  make  a great 
alteration;  I mean  one  of  the  Three  Screws  which 
press  against  the  back  of  the  Small  Metal : the  centre 
Screw  need  not  be  altered. 

By  a few  trials,  it  will  be  found  easy  to  adjust 
the  Small  metals  of  a Reflecting  Telescope;  I find  by 
j experience  this  mode  superior  to  adjusting  by  a Star 
at  Night. 

Hoping,  Sir,  this  communication  will  prove 
useful, 

“ I remain.  Dear  Sir, 

“ Yours,  most  respectfully, 

‘‘  John  Cuthbert.” 

22  Bishop’s  Walk,  Lambeth, 

June  the  9th,  1825. 


Of  those  Double  Stars,  of  which  one  is  Blue,  or 
Reddish,  See.  the  colour  appears  of  deeper  tone  in 
I Reflecting  Telescopes,  and  increases  in  tone  as  the 
Aperture  of  the  Instruments  is  increased. — See  Obs. 
on  Rigel,  in  the  Chapter  on  Double  Stars. 

The  dusky  Red  colour  which  Dr.  Herschel  men- 
I tions,  as  being  the  complexion  of  the  Small  Star 
I accompanying  Rigel,  was  more  evident  in  my  7 feet 
I Newtonian  than  in  my  5 feet  Achromatic  ; but  the 
Larger  Star  was  better  defined,  and  the  Small  Star 
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was  more  neatly  separated  from  the  Large  Star  in 
the  Achromatic  ; I attributed  this  to  the  Newtonian 
not  having  been  then  in  very  nice  adjustment: — the 
uncertainty  of  the  adjustment  in  Newtonian  Reflect- 
ing Telescopes  which  have  wooden  Tubes,  I have 
mentioned  in  page  125. 

The  failure  of  Reflectors  in  shewing  the  small 
Stars  which  accompany  Rigel,  the  Pole  Star,  &c. 
can  only  be  attributed  to  their  want  of  Defining 
power  — yet  Reflectors  have  only  the  difficulties  of 
Workmanship  to  overcome,  and  those  only  in  half 
the  degree  which  Achromatics  have. 

In  a Double  Object-Glass,  there  are  four  surfaces 
which  must  be  very  exactly  figured ; and  their  curves 
must  be  very  exactly  proportioned  to  each  other, 
and  they  must  be  very  exactly  centred  : — in  a 
Newtonian,  there  are  only  Two  surfaces, — Refrac- 
tors have  also  to  contend  with  the  great  impedi- 
ments which  arise  from  the  uncertain  quality  and 
the  imperfections  in  the  materials  they  are  made  of. 

It  is  greatly  to  be  regretted,  that  the  difficulty  of 
obtaining  Glass  free  from  veins,  &c.  and  sufficiently 
homogenous,  and  the  difficulty  of  working  it  to  a 
perfect  figure,  have  hitherto  been  insuperable  ob- 
stacles to  the  extending  the  Apertures  of  Achromatics 
beyond  Inches: — I don’t  believe  that  there 

are  half-a-dozen  larger  in  the  Universe,  that  will 
define  large  Stars,  or  Planets,  perfectly  well  with 
the  whole  of  their  Aperture.— See  page  17. 
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I am  perfectly  aware  of  the  pompous  accounts 
published  of  the  large  Apertures  of  the  Object- 
Glasses  lately  made ; but  not  any  proof  has  been 
produced  that  their  effect  is  in  proportion  to  their 
dimensions. — See  p.  267. 

Illuminating  power,  unaccompanied  by  Dejining 
power, — is  as  useless  as  the  Sword  of  a Giant  of 
twelve  feet  high,  would  be  in  the  grasp  of  a Gen- 
tleman of  three  feet  high. 

If  good  Glass  be  obtained,  it  seems  that  it  will 
still  be  twice  as  difficult  to  obtain  an  Achromatic  of 
5 inches  Aperture,  as  it  is  to  make  a Reflector  of 
7 inches. — See  Table  of  the  Compamtive  Illuminating 
Po%oer  of  Achromatics  and  Reflectors,  at  the  end  of 
this  Chapter. 

As  to  Reflectors  being  troubled  by  Tremours, 
which  Achromatics  are  free  from,  if  such  an  asser- 
tion was  true  half  a centuiy  ago,  when  they  were 
suspended  on  miserable  ricketty  Stands,  — it  is  not 
true  now, — on  the  improved  Stands  now  in  use, 
they  are  as  steady  as  Achromatics. 

The  Paper  written  by  Sir  Wm.  H.  in  the 
Phil.  Trans.  “ on  the  Power  of  Telescopes  Pene- 
trating into  Space,”  of  which  I have  given  an 
Abstract  at  the  end  of  this  Chapter,  will  explain 
the  nature  of  what  I have  called  “ Illuminating 
Poioer,”  which,  however,  I will  endeavour  to  further 
illustrate. 

In  no  instance  is  the  effect  of  Illuminating  Power 
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more  evident  than  in  examining  particular  parts  of 
the  Moon,  with  various  Apertures. — See  Obs.  on  the 
Moon  in  Chapter  XIV. 

The  Small  Stars,  near  the  Pole  Star,  and  near 
Rigel — the  Division  in  the  Ping  of  Saturn — and 
distant  objects  in  the  Evening,  which  are  dis- 
tinctly seen  with  a 5 feet  Achromatic  of  S^^ths  i 
inches  Aperture,  and  an  Illuminating  power  of  144,  i 
are  scarcely  visible  in  a 85  feet,  with  an  aperture  of 
2^ths  inches,  and  an  Illuminating  power  of  72  — 
and  with  a 2i  feet,  with  an  Illuminating  power  of  ; 
40,  are  generally  invisible : supposing  that  the 
several  Instruments  are  equally  perfect,  and  have 
precisely  the  same  Magnifying  power  applied  to 
them. 

With  objects  which  are  well  illuminated,  in  the 
Daytime,  the  advantage  of  Illuminating  power, 
beyond  a very  limited  degree,  instead  of  being  so 
great  as  People  expect,  is  not  only  useless, — 
but  offends  the  Eye — for  instance,  affix  the  Day 
eye-piece,  usually  put  to  a 3|  feet  Achromatic, 
to  a 2\  feet  Achromatic,  with  an  Object-Glass 
of  27^ths  in  diameter,  this  will  make  it  mag- 
nify about  30 ; point  it  to  a printed  paper  about  2 
or  3 hundred  feet  distant,  you  will  be  able  to  see 
the  letters,  as  well  when  the  aperture  of  the  Telescope 
is  limited  to  as  with  2^Vhs— because  the 

pencil  of  rays  from  the  smaller  aperture  paints  as 
vivid  a picture  upon  the  retina  as  that  from  the 
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larger  — this  proves  that  for  Day  purposes  there 
is  no  use  in  the  pencil  from  an  Achromatic  being 
more  than  of  an  inch  in  diameter : — but  if  you 
put  on  a magnifying  power  of  60 — or  try  the  experi- 
ment in  the  evening,  you  will  then  find  the  advan- 
tage of  the  larger  Aperture. 

. This  Law  of  a certain  proportion  of  the  dia- 
meter of  the  pencil  to  the  nature  of  the  object, 
governs  in  all  cases-— there  is  no  advantage  in  its 
being  larger  than  a certain  diameter;  a Scale  of  what 
that  is  for  various  Objects,  would  be  a great  acqui- 
sition, as  the  difiiculty  of  obtaining  the  curves 
which  produce  perfect  defining  power,  increases  in 
an  extremely  high  ratio  to  the  increase  of  the 
Aperture  of  Telescopes,  as  does  also  the  expense 
of  those  Instruments,  and  the  difficulty  of  using 
them  on  account  of  their  becoming  longer,  8cc. 

To  ascertain  the  Illuminating  Poiver  of  Telescopes, 
try  them  at  the  objects  above  mentioned,  or  in  the 
close  of  the  Evening,  at  a Printed  Bill,  composed 
of  Letters  of  various  sizes  : — in  the  5 feet  Telescope 
some  Small  Letters  will  be  legible,  which  are  hardly 
discernible  in  the  feet,  and  in  the  feet  are 
quite  undefinable. 

Illuminating  Tower  is  most  accurately  estimated 
when  it  is  most  wanted,  i.  e.  on  minute  objects,  and 
such  as  are  badly  lighted  up  : the  advantage  of  a 
Large  Telescope  is  most  obvious  if  the  comparison 
is  made  at  the  close  of  day  : as  darkness  comes  on. 
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the  use  of  Illuminating  power  will  become  more 
evident. — See  Mi'.'Tulley’s  Letter  in  the  Chapter 
on  Cassegranian  Telescopes,  page  165 — and  Sir  W.  H. 
on  Penetrating  Power. 

An  excellent  test  to  determine  the  relative  Illu- 
minating power,  and  Defining  power,  of  various 
Instruments,  is  the  Division  in  the  Ring  of  Saturn — 
and  the  Immersion  and  Emersion  of  the  Satellites  of 
Jupiter— this  latter  was  the  proof  which  the  Astro- 
nomer Royal,  Dr.  Maskelynej  made  use  of  for 
ascertaining  the  Light  of  his  Telescopes  : his  ex- 
periments I have  related  in  page  108. 

When  the  Immersions  and  Emersions  of  the 
Moons  of  Jupiter,  are  seen  at  the  same  instant  by 
two  Instruments,  we  conclude,  that  their  Illumi- 
nating power  is  the  same — i.  e.  if  they  are  charged 
with  exactly  the  same  Magnifying  power,  and  they 
define  the  Planet  with  equal  sharpness: — of  Tele- 
scopes of  the  same  size,  that  is  the  best,  of  which 
the  Defining  power  is  best  — ■ which  is  demon- 
strated by  the  Immersion  being  visible  latest,  and 
the  Emersion  soonest. 

IN  RECOEDING  THE  PERFORMANCE  OF  TELE- 
SCOPES, 

the  Aperture, — the  Focal  Length, — and  the  Magnify- 
ing power  of  the  Instruments,  should  be  accurately 
stated ; — also  the  distance  of  the  Object  from  the 
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Telescope  in  the  Daytime  — and  from  the  Meridian 
at  Night — and  those  who  are  really  anxious  to  be 
vei*y  accurate,  will  also  note  the  temperature  of  the 
Thennometer, — the  height  of  the  Barometer, — the 
position  of  the  Wind, — the  Place  where, — and  the 
Hour,  the  Day  of  the  Month,  and  the  Year,  when 
the  Observation  was  made. 

As  I have  before  said,  a Gregorian  Reflector  can- 
not so  easily  be  made  very  good,  if  the  focal  length 
of  its  large  Metal  be  less  than  4 diameters  of  its 
Aperture ; so  an  Achromatic  Telescope  cannot  be 
made  so  perfect,  as  it  is  capable  of  being  made, 
unless  a due  proportion  is  observed  between  the 
Focal  length  and  the  diameter  of  its  Object-Glass. 

To  apply  Magnifying  power  to  the  utmost  ad- 
vantage, and  in  due  proportion  to  the  Illuminating 
power  obtained  by  increasing  the  aperture  of  an 
Achromatic  Telescope,  the  length  of  the  focus 
thereof  must  be  increased — but  in  what  proportion, 
if  it  has  ever  been  proved,  has  never  been  pub- 
lished •, — the  proportion  of  Aperture  to  Focal  length 
varies  in  almost  every  different-sized  Telescope,  as 
the  Reader  will  perceive  by  a glance  at  the  Table 
of  Achromatics,  p.  24. 

I think  that  the  30  inch  Achromatic,  which  has 
an  Object-Glass  of  2 inches  in  diameter,  is  more 
frequently  entitled  to  the  appellation  of  Achromatic, 
I than  any  of  that  length,  and  which  have  an  Object- 
Glass  of  larger  diameter. 
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My  own  experience  of  the  performance  of  Achro- 
matics  is,  that  an  aperture  of  2^^ths  requires  a 
length  of  at  least  44  Inches,  and  would  be  a much 
more  effective  instrument  if  made  5 feet. 

I had  3 Achromatic  Telescopes,  with  an  Aper- 
ture of  2-/^ths  inches,  which  were  only  30  Inches 
focus ; and  I have  every  reason  to  think,  that 
the  utmost  care  was  taken  by  the  makers  to  pro- 
duce as  perfect  an  instrument  us  possible  — how- 
ever, only  one  of  them  could  shew  s Booth  well  — 
which  I saw  very  distinctly  with  a Pancratic  Eye- 
tube,  which  magnifies  270 — but  wit-h  that  Telescope 
I could  neither  see  the  small  Star,  near  the  Polar 
Star,  nor  the  small  Star  which  attends  Rigel ; — 
another  would  shew  the  two  latter,  but  not  so  easily 
as  a 3J  of  the  same  aperture — but  would  not  shew 
£ Booth  with  any  power ; — the  Third  was  very  shy 
at  any  of  these  Objects — nor  for  Terrestrial  purposes, 
were  any  of  these  30  Inches  equal  to  a good  3| 
of  the  same  Aperture ; — although  they  performed 
pretty  well,  and  might  satisfy  unexperienced  Ama- 
teurs, whose  uneducated  Eyes  have  had  no  oppor- 
tunity of  comparing  them  with  a fine  telescope  of 
the  like  Aperture,  of  longer  focus. 

The  advantage — the  necessity,  I may  say,  of  a 
certain  proportion  between  the  Focal  length  and  the 
aperture  of  a Telescope,  is  learned  by  the  fact — that 
the  double  Object-Glass  of  an  Achromatic  Opera- 
Glass,  which  is  of  an  Inch  and  a half  Diameter, 
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from  being  of  not  more  than  four  inches  focus,  will 
not  bear  a higher  power,  with  distinctness,  than 
5 times — the  Object-Glass  of  a Two  feet  Achro- 
matic, which  is  no  larger,  will  magnify  100  times. 

The  30  Inch  Telescopes  above  mentioned,  with 
Object-Glasses  of  2./^ths  inches  in  diameter,  were 
all  more  perfect  when  limited  to  2^  or  to  2 inches, 
with  the  whole  Aperture  of  2^^ths  inches,  the  edge 
of  the  Moon  and  of  Jupiter,  was  tinged  with  a 
Blueisli,  or  Greenish,  or  Yellowish  fringe — which 
•.  varnished  when  I limited  them  to  2 inches  ; — but 
no  advantage  appeared  to  be  gained  by  any  further 
contraction; — therefore,  I am  induced  to  offer  a con- 
jecture, that  for  a Focal  length  of  30  Inches,  that  an 
Aperture  of  2 inches — i.  e.  an  Illuminating  power  of 
40 — approximates  very  nearly,  if  not  quite,  to  the 
standard  required  : — if  this  be  the  Basis  of  propor- 
tion for  other  Achromatic  Telescopes,  the  general 
notion  that  the  Apertures  of  Achromatics  are  not 
increased  in  the  ratio  that  their  Focal  length  is  in- 
creased, is  extremely  erroneous. 

Opticians  have  informed  me,  that  their  Customers 
frequently  ask,  “ Why  a 5 feet  Achromatic  has  not  an 
Aperture  of  4 Inches  ? it  is  twice  the  length  of  a 2| 
feet,  and  therefore,  should  be  made  with  twice  as  large 
an  Aperture  to  have  a due  degree  of  Illuminating 
power.”  Now  the  fact  appears  to  be,  that  if  Illu- 
minating power  is  as  the  squares  of  the  Diameters 
of  the  Apertures,  that  3-]P5^ths  inches,  the  usual  dia- 
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meter  of  the  Object-Glass  of  a 5 feet  Achromatic,  is  | 
a much  larger  aperture  in  proportion  to  5 feet  focus,  j 
than  2 inches  is  to  2|  feet : — e.  reckoning  the  ^ 
squares  of  the  diameter  of  the  apertures  in  Tenths  of  j 
inches,  and  cutting  of  the  last  figure,  thus,  40  for  the  i 
2^  feet,  and  144  for  the  5 feet;  — it  appears  that  the 
5 feet,  as  usually  made,  with  an  aperture  of  S-x'Vths 
inches,  has  nearly  twice  as  large  an  aperture  in  pro- 
portion to  its  focus  as  the  2i  feet,  which  has  an  | 
aperture  of  2 inches  — and  with  Double  the  focal 
length,  has  very  nearly  Quadruple  the  Illuminating 
power. 

If  an  Illuminating  power  of  40  is  the  proper  pro- 
portion for  an  Achromatic  with  a focal  length  of  30  ‘ 
inches  — the  Rule  of  Three  will  tell  us  what  should 
be  the  proportion  in  any  other  Telescope.  Thus--^ 
for  an  Achromatic  of  44  inches  focus,  whose  aperture 
is  commonly  2foths  inches,  and  consequently  whose  ;i 
Illuminating  power  is  72. 


an  Illuminating  Inches  focus. 

Power  of 


an  Illuminating 
Power  of 


If  40  requires  30  what  will  72^ 


40)2160(54  Inches. 

200 


160 

160 


For  a 5 feet  Achromatic,  with  an  aperture  oi 


ILLUMINATING  POWER. 


287 


3y°^ths  inches,  whose  Illuminating  power  is  144,  and 
whose  focal  length  is  commonly  63  inches. 


If  40  requires  30,  what  does  144 

30 


40)4320(108  Inches. 
40 


320 

320 


Thus,  if  an  Achromatic  of  2\  feet  Focus,  is  best  with 
an  Aperture  of  2 Inches,  and  an  Illuminating  power 
of  40,  an  aperture  of  2xoths  inches  should  have 
a focal  length  of  4 feet  6 inches  : — an  aperture  of 
3^®iyths  inches  a focal  length  of  9 feet. 

These  calculations  correspond  very  nearly,  but  are 
still  short  of  the  length  oj  which  Achromatics  were 
originally  made,  i.  e.  Telescopes  of  2^^^ths  aperture  were 
formerly  of  5 feet  focus,  and  those  of  4 Inches  aper- 
ture were  10  feet  focus;  now  this  proportion  was 
adopted  when  the  only  consideration  in  making  an 
Achromatic  telescope  was,  how  to  correct  the  chro- 
matic and  spherical  Aberrations  in  the  most  perfect 
manner,  so  as  to  render  the  vision  in  a Refractor  as 
good,  and  that  objects  might  appear  as  perfectly  of 
their  natural  colours,  as  they  do  in  a Reflector, — 
this  accomplished — the  next  desideratum  wa^  to 
make  Refractors  as  short  as  Mr.  Short  made  his 
Reflectors,  and  that  they  might  be  used  as  easily  as 
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possible  ; therefore,  the  makers  contracted  the  Focal  ; 
lengths  of  the  Instruments,  finding  that  for  ordinary  j 
uses,  and  ordinary  eyes,  that  this  might  be  done 
without  much  injury  to  their  performance. — What 
was  called  The  17  Inch  Achromatic,  was  made  j 
at  this  time — this  had  a treble  Object-Glass,  with  an 
aperture  of  2 inches,  and  was  mounted  on  a portable 
rackwork  stand,  which  packed  within  the  tube ; and 
the  whole  was  a very  ingenious  apparatus. — I have  had 
Four  of  these  Telescopes,  three  of  which  were  very  in- 
different— the  other  was  inferior  to  the  30  inch  of  the 
same  aperture,  which  are  sold  at  £10.  10s.  — these 
little  ineffective  Dumpies  were  charged  at  £15. 15s. — 
they  were  extremely  difficult  to  make  good,  and  for 
several  years  have  been  almost  entirely  given  up. 

The  longer  the  focus  of  the  Object-Glass,  the  less  , 
will  be  the  chromatic  and  spherical  aberrations  of  it, 
and  the  larger  may  be  the  Eye-glasses,  and  conse- 
quently, the  larger  and  flatter  the  field  of  view — ' 
thus  it  appears,  that  (especially  for  Celestial  observa- 
tions) the  long  Achromatic  Telescopes  of  the  original  I 
proportions,  were  much  more  perfect  and  more  i 
powerful  than  the  short  Instruments  now  usually  i 
made. 

When  the  aperture  of  my  5 feet  Achromatic  is  i 
limited  to  2|ths  inches,  with  250,  I can  see  the  two  I 
stars  of  £ Bootis  perfectly  well — which  cannot  be 
seen  well  with  a 3i  feet  telescope  of  2|ths  aperture — 
this  is  from  the  longer  focus  of  the  5 feet. 
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Well  might  Dr.  Maskelyne  say,  that  “ Telescopes 
of  Sir  Isaac  Newton’s  construction  perform  most  ex- 
cellently in  the  Mmutice.  of  Astronomy,  especially  if 
small  Apertures  and  long  Foci  are  made  use  of.” — 
See  Supplement  to  the  Nautical  Almanack  for  1787, 
p.  42. 

Vision  is  vivid  in  an  Achromatic,  in  proportion 
as  it  is  derived  from  a due  degree  of  original  power 
from  the  Object-glass — with  the  same  Magnifying 
power,  and  same  Aperture,  small  Stars  appear 
larger  and  brighter,  and  the  division  of  Double  Stars 
is  greater  and  more  perfect. 

I was  surprised  to  find,  on  comparing  Achromatic 
Telescopes  of  different  lengths,  at  objects  in  the  Day- 
time at  about  a mile  and  a half  distant,  that  the 
vision  of  my  5 feet  Telescope,  of  3^8_ths  inches  aper- 
ture (see  page  47),  when  its  aperture  was  con- 
tracted to  2.^^ths  inches,  compared  with  a 3|  feet 
of  the  same  aperture,  and  with  a 2|  feet  of  the  same 
aperture,  the  Three  Telescopes  being  all  of  equal 
excellence,  that  notwithstanding  the  central  part  of 
the  Object-glass  of3^ths  diameter  was  much  thicker 
than  that  of  the  Object-glass  of  2^ths  inches  dia- 
meter, the  superior  clearness  and  defining  power  of 
the  5 feet  Telescope  over  its  competitors, — the  3| 
and  the  2^  feet  Telescopes, — was  much  greater  than 
that  of  the  5 feet  itself  was  with  3^«g-ths  aperture, 
than  it  was  with  2^|^ths  aperture ; although  with 
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its  whole  aperture  it  defines  £ Booth,  liigel,  and  j 
other  Double  Stars,  in  the  neatest  manner,  shews  ( 
the  Division  in  Saturn’s  Ring  extremely  well,  and, 

I believe,  is  as  perfect  an  Instrument  as  Art  can  | 
produce  : — this  observation  is  a striking  proof  of  the  | 
very  gi^eat  advantage  of  lenses  of  long  Foci  even  for 
Bay  purposes. — See  pages  284  and  285. 

I read  the  above  to  Mr.  Tulley,  who  replied, 

“ That  is  all  right.  Sir;  I have  m_ade  many  Object- 
glasses  of  2|ths  Aperture  and  30  Inches  focus  — 
but  not  one  of  them  was  quite  so  perfect  as  some  I 
have  made  of  44  inches  focus.” 

T will  here  take  the  liberty  to  caution  those  who 
hereafter  may  be  crazy  with  the  Dumpy  Mania,  that 
the  convenience  derived  from  Achromatic  Telescopes 
being  made  short,  (if  beyond  a certain  proportion,) 
is  greatly  more  than  overbalanced,  by  the  errors  pro- 
duced by  the  great  increase  of  the  aberration  of 
Sphericity  arising  from  the  deep  curves  of  the  ex- 
cessively small  Eye-glasses  we  are  obliged  to  em- 

j T 

There  is  much  difficulty  in  getting  deep  Lenses 
well  worked  — and  errors  arising  from  any  deviation 
from  proper  figure,  or  true  centering,  are  magnified  in 
proportion  to  the  magnifying  power  of  the  Lens. 

It  is  almost  impossible  to  find  an  Eye-glass  deeper 
than  the  of  an  Inch  focus,  that  will  give  a well- 
defined  image  of  a Star,  notwithstanding  mucli 
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deeper  Magnifiers  are  usable  in  Microscopes  a 
Single  Eye-glass  of  half  an  inch  focus,  is  nearly  the 
shortest  that  can  be  conveniently  used  for  viewing 
Planets —See  Obs.  on  this,  in  page  64,  Chapter  V. 

Steady  Stands  are  now  constructed  at  a very  mo- 
derate expense,  which  make  it  as  easy  to  use  a Tele- 
scope of  10  feet,  as  one  of  3 feet  in  length. 

There  is  a common  notion  that  there  is  much  more 
trouble  in  managing  a Telescope  which  is  mounted 
on  Two  Stands,  than  there  is  m using  an  Instru- 
ment which  is  supported  on  One  Stand  the  greater 
trouble  in  using  the  former,  is  only  in  moving  it 
from  one  object  to  another ; when  once  directed  to 
the  object,  a Double  Stand  is  as  easily  used  as  a 
Single  one — and  as  the  Telescope  is  thereby  sup- 
ported at  each  end,  a Tube  of  Ten  feet  in  length  is 
as  Steady  on  Two  Stands,  as  a Tube  of  Two  feet  is 
on  one  Stand  — the  apparatus  of  Hack-work  for  the 
Two  Stands  may  be  so  simple,  that  it  need  not  cost 
more  than  One  Stand. 

About  25  Years  ago,  I was  a Dumpy-fancier  my- 
self, and  had  then  the  following  conversation,  with 
an  eminent  Optician  pf  great  experience  : — 

Kit.  How  convenient  Short  Telescopes  are ! I 
have  bought  a Dumpy*. 

'*  This  appellation  was  first  given  by  Mr.  Short,  the  celebrated 
Maker  of  Reflectors,  to  a Telescope  he  made  for  the  Honourable 
Tophum  Beauclerc. 
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Opl,  Do  you  find  it  perform  much  better,  Sir, 
than  Telescopes  of  equal  aperture  that  are  longer  ? 

Kit.  NOj  it  certainly  does  not  perform  better. 

Opt.  Did  you  pay  less  Money  for  it,  then  ? 

Kit.  No,  Sir — a great  deal  more. 

Opt.  Then  I think.  Sir,  that  You  have  laid  out  , 

your  Money  very  badly — I guess  that  you  have  not  | 

'got  so  good  a Telescope  for  £30,  as  You  might  have 
had,  with  half  the  trouble  to  yourself  and  the  j 
Optician,  for-  £20,— for  You  might  have  had  the 
choice  of  20  Telescopes  of  the  usual  length,  and 
what  does  it  signify  whether  the  Tube  is  2 or  4 feet 
long  ? — a Stand  that  will  carry  the  one  will  carry  the 
other  ; and  remember.  Sir,  that  Vision  is  better,  and 
easier  to  the  Eye  in  proportion  that  Magnifying 
power  is  produced  by  Lenses  of  long  foci.  I 
am  presuming.  Sir,  that  the  Instrument  is  employed 
for  purposes  where  the  first  consideration  is  Optical 
perfection. — However,  I ask  pardon.  Sir,  for  speaking 
so  plainly,  perhaps  You  purchased  your  Dumpif 
merely  for  a Plaything  ? 

If  the  apertures  of  Achromatics,  as  they  are 
now  made,  are  in  regular  proportion  to  their  Focal 
lengths,  the  Eye-tube  which  makes  a 2|  feet,  of 
2 inches  aperture,  magnify  80,  will  make  a 3|  feet, 
with  an  aperture  of  2./^ths  inches,  magnify  120, 
and  a 5 feet,  with  an  aperture  of  3.^ths  inches,  mag- 
nify about  180,  with  the  same  degree  of  Illuminating  ; 
power  that  the  2|  feet  has  with  the  power  of  80,  that  i 


ILLUMINATING  POWER. 


293 


is,  the  features  of  Jupiter  and  Saturn  will  be  as  well 
illuminated,  and  will  appear  as  distinctly  in  the  5 
feet  with  180,  as  they  do  in  the  feet  with  80.— See 
Obs.  in  page  73  of  the  6th  Chapter,  on  Reflectors, 
after  Dr.  Smith’s  Table  of  the  proportions  of  New- 
tonian Telescopes;  and  in  page  23,  the  Introductory 
Chapter  on  Achroniatics,  Huygen’s  Table  of  the  pro^ 
portions  and  power  of  Refractors. 

If  Illuminating  potcer  is  as  the  Squares  of  the 
diameters  of  the  Apertures — in  a 2g  feet  Achromatic 
of  2 inches  aperture,  it  is  to  a 3J  feet,  of  2-^ths 
inches  aperture,  as  40  is  to  72,  therefore,  a 3J  feet 
ought  to  bear  a power  of  145;  and  a 5 feet,  with  an 
■aperture  of  3-^^ths  inches,  with  an  Illuminating 
power  of  144,  ought  to  bear  a Magnifying  power  of 
290,  with  as  much  Light  as  the  2J  feet  has  with  80  ; 
and  would,  if  the  Atmosphere  did  not  prevent 
it — I have  no  doubt  that  the  chief  cause  that  they 
do  not,  is  the  intervention  of  the  Atmosphere  de- 
stroying the  Deflning  power  of  the  Instrument. 

The  pleasant  clearness  and  vividness  of  the  vision 
with  a power  of  80,  arises  from  its  so  little  mag- 
nifying  the  Medium  which  we  look  through — or 
by  enlarging  the  Aperture  and  increasing  the  Illumi- 
nating Power  of  a Telescope,  the  higher  powers 
would  be  as  bright,  and  as  distinct  as  the  low  power; 
and  a 3 feet  Gregorian  Reflector,  with  an  aperture 
of  5 inches,  and  an  Illuminating  power  of  250, 
would  define  objects  as  distinctly,  when  made  to 
magnify  250  times,  as  a 1 foot  Gregorian,  with  ari 
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aperture  of  2./^tlis  inches,  and  an  Illuminating  power 
of  52,  does  when  it  is  made  to  magnify  62  times — 
but  about  |ds  of  250,  or  about  160,  approximates 
to  the  maximum  which  a Gregorian  of  5 inches 
aperture  will  magnify  for  observing  Planets — with 
a higher  power,  their  features  appear  less  distinctly, 
except  when  they  are  near  to  the  Meridian,  and  the 
Air  is  uncommonly  clear,  and  the  Instrument  exqui- 
sitely perfect. 

A 30  Inch  Achromatic,  with  an  aperture  of  2 
inches,  and  of  which  I have  called  the  Illuminating 
power  40,  will  bear  a Magnifying  power  of  double 
that — i.  e.  80  for  either  Jupiter  or  Saturn. 

A 31  Feet,  of  27oths  inches  aperture,  and  Illumi- 
nating power  of  72,  will  bear  a Magnifying  power  of 
double  that,  144,  but  is  pleasanter  with  120. 

But  a 5 Feet,  whose  aperture  is  inches,  and 

Illuminating  power  is  144,  will  not  bear  a Magni- 
fying  power  of  double  that,  288 — but  fds  of  that 
power,  190,  or  indeed  160,  is  enough  for  the  Planet 
Saturn.  I have  not  seen  any  Telescope  which  would 
bear  a higher  power  than  a little  more  than  200  times 
for  observing  Saturn. — See  Chapter  XIX.  on  Saturn. 

The  Visibility  of  the  Belts  of  Jupiter,  and  the  Black 
Division  in  the  Ring  of  Saturn,  the  Magnifying 
powers  of  the  Telescopes  being  the  same,  is  in  pro- 
portion to  the  Illuminating  and  Defining  powers  of 
the  Telescope  — or,  in  honest  plain  English,  as  that 
is  large,  and  is  perfect. 

When  I first  began  to  play  with  Telescopes,  m the 
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Year  1796,  I purchased  a 3^  feet  Achromatic  with 
a double  Object-glass  of  2^^jjths  inches  apertuie,. 
but  hearing  thR  46  Inch  I'elescopc,  with  n Ireble 
Object-glass  of  3-^fhs  inches  aperture,  very  highly 
spoken  of,  I supposed  that  it  was  quite  impossible 
that  I could  be  quite  happy,  till  I obtained,  a Tele- 
scope of  that  kind ; and  as  a man  who  wishes  to  make 
good  work,  does  wisely  to  provide  himself  with  good 
tools,  as  soon  as  I could,  I purchased  a very  good  46 
Inch — but  on  comparing  it'with  the  former  glass  of 
2-j^^ths  inches  aperture,  with  equal  powers  of  130,  I 
was  disappointed  to  find,  that  all  the  difference 
which  my  inexperienced  Eye  could  perceive,  was 
that  Jupiter  appeared  a little  whiter  and  brighter 
in  the  larger  than  it  did  in  the  smaller  glass. — If  I 
had  observed  the  Immersions  or  Emersions  of  the 
Moons  of  Jupiter,  I should  have  soon  seen  that  the 
Immersions  were  visible  later — and  that  the  Divi- 
sion in  Saturn’s  Ring  was  much  plainer  in  the  larger 
Aperture  than  it  was  in  the  smaller. 

MR.  TULLEY’S  LEITER. 

“ Territ’s  Court,  Islington, 

“ Dear  Sir,  Feb.  16,  1824. 

“ The  subject  of  our  conversation  yester- 
day, The  Illuminating  power  of  Telescopes  oi' vdihoua 
constructions,  has  often  occupied  my  attention. 

“ At  the  same  time  that  I finished  the  Achromatic  Te- 
lescope, which  I made  for  Mr.  Ja.mes  South,  F.R.S. 
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of  / feet  focus,  with  a Double  Object-glass  of  5 inches 
aperture,  I completed  a Newtonian  Reflector,  also 
of  7 feet  focus  and  6-/*jjths  clear  aperture,  and  fre- 
quently compared  the  Instmments  at  various  objects; 
myself,  and  my  son,  obsei’ved  the  Immersions  of 
Jupiter’s  Satellites  with  them,  and  could  see  the 
Satellite  just  as  well  and  as  long  with  the  one  as 
with  the  other  Telescope.  From  this,  and  from 
various  other  trials  of  them,  I am  induced  to  say, 
that  when  the  Magnifying  powers  were  equal,  we  con- 
sidered the  Illuminating  Powers  of  the  two  Instru- 
ments to  be  equal  also. 

“ I have  several  times  very  carefully  compared  a 
Newtonian  Reflector  with  a Gregorian,  and  when 
the  aperture  of  the  former  was  as  6-j^ths  inches  to 
6^®^ths  of  the  latter,  that  is,  as  39  to  46,  with  the 
same  Magnifying  powers,  their  light  appeared  about 
the  same,  but  I think  that  the  Netvtonian  was  the 
most  Effective  Instrument. 

“ I maybe  allowed  to  observe,  that  I believe  that 
the  7 feet  Achromatic  above  mentioned,  is  the  only 
Achromatic  Telescope  of  that  focus  which  has  been 
made  in  this  country  of  5 inches  aperture, — the 
Magnifying  powers  were  from  100  to  about  500 
times,  and  with  the  latter  Power,  I saw,  for  the  first 
time,  ri  Coronw  Borealis  distinctly  Double, — and, 
with  a Power  of  350,  « Lyra  was  shewn  Double. 

“ I am.  Sir,  your  very  obedient  servant, 

“ Chas.  Tulley.” 

“ To  Dr.  Kitchiner.” 


ILI.UMINATING  POWER. 


297 


Tlie  degree  of  Light  r^ected  hy  a Reflecting 
Telescope,  and  the  perfectness  of  its  vision,  niay  be 
imagined,  by  considering  that  the  Telescope  with 
which  Dr,  Hekschel  made  his  first  Catalogue  of 
Double  Stars,  and  with  which  he  discovered  them, 
(see  page  249  of  vol.  Ixxiii.  of  the  Phil.  Trans.)  was 
of  only  4 1 inches  aperture,  7 feet  focus,  and  power 
222,  with  which,  Dr.  H.  informs  us  that  the  vacancy 
between  the  two  Stars  of  Castor  appeared  to  be  a 
little  more  than  1 diameter  of  the  Larger  Star ; 
and  that  when  the  aperture  of  his  7 feet  Newtonian 
was  contracted  to  3g  inches,  with  460,  the  vacancy 
between  the  Two  Stars  of  f Bootis  was  J a diameter 
of  the  Smaller  Star. — See  Chapter  XX  on  Double 
Stars ; and  the  Phil.  Trans,  vol.  xcv.  p.  42 — and  see 
Dr.  H.’s  diagTam  of  Castor,  in  the  Frontispiece  to 
this  work. 

Length  of  focus  is  not  so  needful  in  Gregorian 
Telescopes;  I have  one  made  by  Watson,  of  12 
inches  focus  and  4 inches  Aperture,  (see  page 
117) — which,  with  a power  of  260,  divorces  the  Two 
Stars  of  E Bootis  very  distinctly — I was  quite  as 
much  surprised  the  first  time  that  I saw  this,  as 
the  Reader  can  possibly  be: — this  Instrument  defines 
Castor  as  neatly  as  I have  delineated  it  in  the  diagram 
in  the  Frontispiece ; the  stars  appear  smaller  and 
sharper  defined  than  I have  seen  them  in  any 
Achromatic. 
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COMPARATIVE  LENGTHS,  APERTURES, 

ACHROMATIC  REFRACTORS 


Length  and 
name  they 
are  called  by. 

Diameter 

of 

Aperture. 

Illuminat- 
ing  power. 

Price. 

Feet. 

Inch,  Tenths. 

L.  t. 

% 

1 6 

25 

4 4 

not  equal  to  a 

O 1 
^ o 

2 

40 

12  12 

r 21  0 4 

31 

2 7 

72 

\ to  1 

f 42  0 j 

i 105  0 4 

5 

3 8 

144 

i to  \ 

f 150  0 3 

7 

5 

250 

250  0 

1 

7 

6 

360 

360  0 

* In  Long  Gregorian  Telescopes  it  is  impossible  to  get  a Mag- 
shew  the  whole  of  the  Moon  — or  for  the  purpose  of  a Day  Tele- 
a 9 inch  metal  of  3 feet  focus — and  mounted  on  a portable 
man,  and  yet  sufficiently  steady,  (see  page  120.)  My  9 inch 
inches  focus. — See  the  evidence  of  the  defining  power  of  a Gre- 
the  last  paragraph  of  ih&  preceding  page  (297);  and  on  the  proper- 


ILLUMINATING  POWER. 


299 


ILLUMINATING  POWEKS,  AND  PRICES,  OF 

AND  GREGORIAN  REFLECTORS. 


Length  and  name  they  are 
knotvn  by 

Diameter 

of 

Aperture. 

Illuminat- 
ing power. 

Price. 

Feet. 

hich.  Tenths, 

L.  s. 

1 

2 5 

62 

7 7 

H 

3 

90 

12  12 

2 

4 5 

202 

20  0 

3 

5 5 

302 

50  0 with  rack- 

7 

490 

105  0 [work. 

( 7 Newtonian. 

7 

490 

126  0 

f 5 Gregorian*. 

9 

810 

200  0 

(10  Newtonian. 

10 

1000 

315  0 

nifying  power  sufficiently  low,  atid  with  sufficiently  large  field,  to 
scope— however,  by  paying  a proportionate  price  you  may  have 
Stand,  which  may  be  easily  made  so  light  as  to  be  carried  by  one 
aperture  Gregorian,  which  was  made  by  Mr.  W atson,  is  only  27 
gorian  whose  focal  length  is  only  3 diameters  of  its  Aperture,  in 
tions  of  Focal  Lengths  to  Apertures,  read  pages  86  and  87. 
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When  the  Telescopes,  which  are  placed  opposite 
to  each  other  in  the  preceding  Table,  are  equally 
perfect,  and  are  charged  with  equal  magnifying 
powers,  if  proper  care  be  bestowed  upon  the  Re- 
flectors, and  their  Definiitg*  power  is  equal  to  that 
of  the  Gregorian  mentioned  at  page  297  — and  a 
Telescope-fancier  has  only  himself  to  blame  if  he 
purchases  an  instrument  without  giving  it  a proper 
trial — (read  Chapters  XII.  and  XIII.) — the  Reflectors 
will  be  superior,  as  the  pencil  of  Rays  reflected  by 
them,  is  more  than  double  the  diameter  of  that 
transmitted  by  the  Achromatics: — the  easiest  way 
to  obtain  fine  Telescopes,  — fine  Stockings, — fine 
Stewpans,  and  all  other  Fine  Things,  I have  shewn 
in  page  42. 

The  preceding  Table  is  not  a mere  Theoretic  affair, 
but  is  the  result  of  comparisons  of  Object-glasses 
and  Specula,  with  equal  Magnifying  powers,  and 
whose  Deflning  powers  were  equal. 

It  is  to  no  purpose  that  the  Telescopes  are  oj  equal 
size,  if  the  Magnifying  and  the  Defining  powers 
are  not  equal. 

First,  ascertain  the  Magnifying  powers  by  Rams- 
den’s  Dynameter,  (see  page  238.) 

Secondly,  try  their  Defining  powers  by  the 
various  tests  pointed  out  for  that  purpose,  in  the 
Chapters  XII.  and  XVIII.  on  Choosing  Telescopes. 

* See  die  account  of  the  performance  of  a 4 inch  Aperture 
Gregorian,  in  the  last  paragraph  of  page  297,  in  page  117,  and 
in  tlie  Observations  on  Double  Stars — at  tlie  end  of  tliis  work. 
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Thirdly,  try  both  the  Telescopes  at  the  same 
Object,  with  the  same  Magnifying  powers,  and,  as 
nearly  as  can  be,  at  the  same  moment,  for, — the  eye 
has  a worse  Memory  than  either  of  our  other  Senses. 

I might  almost  as  well  not  have  put  any  Achro- 
matic as  being  on  a par  with  a Reflector  of  7 inches 
aperture,  because,  no  Achromatic  Object-glass  can 
transmit  so  much  light  as  a fine  and  perfect  7 inch 
Speculum  reflects,  unless  it  be  full  5 inches  in 
diameter,  and  not  less  than  7,  and  I should  prefer 
it  of  10,  feet  focal  length : — where  are  such  Achro- 
matics  to  be  obtained  ? 

Moreover,  a Gregorian  of  3 or  4,  or  a Newtonian 
of  7 feet  focus,  and  an  Aperture  of  7 inches,  may 
be  purchased  for  half  the  price  charged  for  an  Achro- 
matic of  5 inches  Aperture. 

I have  not  seen  a fine  Achromatic  Object-Glass 
of  more  than  inches  in  diameter. — See  Mr. 

P.  Dollond’s  Letter  to  Mr.  Short,  in  the  Phil.  Trans. 
for  1765, — and  page  16  of  this  work. 

On  the  calculation  that  the  pencil  of  Rays  from 
a Reflector  must  be  twice  the  diameter  of  that  from 
an  Achromatic  ; a Reflector  of  7 inches  Aperture  will 
have  more  than  one-third  more  light  than  an  Achro- 
matic of  3-/ijths  Aperture. 

i)U.  IIEKSCUEL  ON  MAGNIFYING  POWER. 

“The  question  ‘ How  much  a Telescope  magnifies^ 
admits  of  various  answers.  To  resolve  it  properly, 
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we  ought  in  all  circumstances  to  consider  how  far 
the  Magnifying  power  of  a Telescope  is  supported 
by  an  adequate  quantity  of  Light ; as  without  it  the 
highest  power  and  distinctness  cannot  be  efficient. 
The  question,  therefore,  ought  to  be  limited  to  an 
inquiiy  into  the  extent  of  what  may  be  called  the 
effective  magnifying  power?  It  will,  however,  be 
found,  that  even  then,  the  quantity  of  this  power 
cannot  be  positively  assigned.  For  if  a card  con- 
taining engraved  letters  of  a certain  size  be  put  up 
at  a great  distance,  the  effective  power  of  a telescope 
directed  to  it,  will  be  that  wherewith  we  can  read 
these  Letters  with  the  greatest  facility;  but  if  either 
the  size  of  the  letters,  or  their  distance  from  the 
telescope,  be  changed,  the  quantity  of  this  power 
will  no  longer  remain  the  same.  An  obvious  conse- 
quence of  this  consideration  is,  that  the  effective 
power  of  telescopes  has  a considerable  range  of 
extent,  and  can  only  be  assigned  when  the  object  to 
be  viewed  is  given.” — Dr.  Herschel,  in  vol.  cv.  of 
Fhil.  Trans,  p.  294, 

“ It  will,  however,  be  proper,  to  point  out  from 
experience  some  of  the  advantages  that  may  be 
taken,  if  not  to  increase,  at  least  not  to  obstruct, 
the  penetrating  power,  by,  the  full  effect  of  which 
the  magnifying  power  is  to  be  supported, 

“ The  first  precaution  I ought  to  give  is,  that  in 
these  delicate  observations,  no  Double  Eye-Glass 
should  be  used,  as  it  cannot  be  prudent  to  permit 
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the  waste  of  light  at  four  surfaces,  when  two  will 
collect  the  rays  to  their  proper  focus.  The  hole 
through  which  they  pass  in  coming  to  the  eye, 
should  be  much  larger  than  the  diameter  of  the 
optic  pencils,  and  considerably  nearer  the  glass  than 
their  focus ; for  the  Eye  ought  on  no  account  to  come 
into  contact  with  the  Eye-piece ; and  a little  practice 
will  soon  enable  the  observer  to  keep  his  eye  to  the 
required  situation. 

“ It  is  hardly  necessary  to  add,  that  no  hand 
should  touch  the  Eye-piece.”  (p.  295.) 

DR.  HEESCHEL  ON  THE  POWER  OE  PENETRATING 
INTO  SPACE  BY  TELESCOPES;  WITH  A COM- 
PARATIVE DETERMINATION  OF  THE  EXTENT 
OF  THAT  POWER  IN  NATURAL  VISION,  AND  IN 
TELESCOPES  OF  VARIOUS  SIZES  AND  CONSTRUC- 
TIONS; ILLUSTRATED  BY  SELECT  OBSERVA- 
TIONS. 

[P/uL  Trans,  vol.  xc.  p.  49.] 

“ It  will  not  be  difficult  to  shew  that  the  power 
of  Penetrating  into  space  by  Telescopes,  is  very  dif- 
ferent from  Magnifying  power ; and  that  in  the  con- 
struction of  Instruments,  these  two  powers  ought  to 
be  considered  separately.”  (p.  49.) 

The  aperture  of  the  pupil  of  the  Eye  in  different 
persons,  differs  considerably.  Its  changes  are  not 
easily  to  be  ascertained,  but  we  shall  not  be  much 
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out,  in  stating  its  variations  to  be  chiefly  between 
one  and  two  tenths  of  an  inch.  Perhaps  this  may 
be  supposed  underrated  ; for  the  powers  of  vision 
in  a room  completely  darkened  will  exert  themselves 
in  a very  extraordinary  manner. 

“ In  some  experiments  on  light  made  at  Bath,  in 
the  year  1780,  I have  often  remarked,  that  after 
staying  some  time  in  a room  fitted  up  for  these 
experiments,  where  on  entering  I could  not  perceive 
any  one  object,  I was  no  longer  at  a,  loss  in  half  an 
hour’s  time,  to  find  every  thing  I wanted.  It  is, 
however,  probable,  that  the  opening  of  the  Iris  is  not 
the  only  cause  of  seeing  better  after  remaining  long 
in  the  dark,  but  that  the  tranquillity  of  the  retina, 
which  is  not  disturbed  by  foreign  objects  of  vision, 
may  render  it  fit  to  receive  impressions  such  as  other- 
wise would  have  been  too  faint  to  be  perceived. 
This  seems  to  be  supported  by  telescopic  vision  ; 
for  it  has  often  happened  to  me  in  a fine  winter’s 
evening,  when,  at  midnight,  and  in  the  absence  of 
the  Moon,  I have  taken  sweeps  of  the  Heavens,  of 
four,  five,  or  six  hours’  duration,  that  the  sensibility 
of  the  Eye,  in  consequence  of  the  exclusion  of  light 
from  surrounding  objects,  by  means  of  a Black 
Hood,  which  I wear  upon  those  occasions,  has  been 
very  great  j and  it  is  evident  that  the  opening  of 
the  Iris  would  have  been  of  no  service  in  these 
cases,  on  account  of  the  diameter  of  the  optic 
pencil,  which,  in  the  20  feet  telescope  at  (lie 
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time  of  sweeping,  was  no  more  than  the  .12  of  an 
inch. 

“ The  effect  of  this  increased  sensibility  was  such, 
that  if  a star  of  the  3d  magnitude  came  towards 
the  field  of  view,  I found  it  necessary  to  withdraw 
the  eye  before  its  entrance,  in  order  not  to  injure  the 
delicacy  of  vision  acquired  by  long  continuance  in 
the  dark. 

The  transit  of  large  stars,  unless  where  none 
of  the  6th  or  7th  magnitude  could  be  had,  have 
generally  been  declined  in  my  sweeps,  even  with  the 
20  feet  Telescope. 

I remember  that  after  a considerable  sweep  with 
the  40  feet  instrument,  the  appearance  of  Sirius 
announced  itself  at  a great  distance,  like  the  dawn 
of  morning,  and  came  on  by  degrees,  increasing  in 
brightness,  till  this  brilliant  star  at  last  entered  the 
field  of  the  telescope  with  all  the  splendour  of  the 
rising  sun,  and  forced  me  to  take  the  eye  from  that 
beautiful  sight. 

“ Such  striking  effects  are  a sufficient  proof  of 
the  great  sensibility  of  the  eye,  acquired  by  keeping 
it  from  the  light.”  (p.  54.) 

On  taking  notice,  in  the  beginning  of  sweeps,  of 
the  time  that  passed,  I found  that  the  eye,  coming 
from  the  light,  required  near  twenty  minutes  before 
it  could  be  sufficiently  reposed  to  admit  a view  of 
very  delicate  objects  in  the  telescope;  and  that  the 
observation  of  a transit  of  a star  of  the  2d  or  3d 
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magnitude',  would  disorder  the  eye  again,  so  as  to 
require  the  same  time  for  the  re-establishment  of  its 
tranquillity.” 

“ The  difficulty  of  ascertaining  the  greatest  open- 
ing of  the  eye,  arises  from  the  impossibility  of 
measuring  it  at  the  time  of  its  extreme  dilatation, 
which  can  only  happen  when  every  thing  is  com- 
pletely dark  ; but  we  have  no  difficulty  to  determine 
the  quantity  of  light  admitted  through  a telescope, 
which  must  depend  upon  the  diameter  of  the  Object- 
glass  or  mirror.”  (p.  55.) 

“We  now  proceed  to  the  Powers  of  Telescopes 
Penetrating  into  Space.  In  order  to  come  to  some 
determination  on  this  subject,  I made  many  experi- 
ments with  plain  mirrors.  The  method  I pursued 
was  that  proposed  by  Mr.  Bouguer,  in  his  Traite 
d’Optique,  p.  16,  fig.  3;  but  I brought  the  mirror, 
during  the  trial,  as  close  to  the  line  connecting  the 
two  objects  as  possible,  in  order  to  render  the  re- 
flected rays  nearly  perpendicular. 

“ The  result  was,  that  out  of  100,000  incident 
rays  67,262  were  returned,  and  therefore,  if  a 
double  reflection  takes  place,  only  45,242  will  be 
returned. 

“ Before  this  light  can  reach  the  Eye,  it  will 
suffer  some  loss  in  passing  through  the  Eye-Glass, 
and  the  amount  of  this,  I ascertained,  by  taking  a 
highly  polished  plain  glass  of  nearly  the  usual  thick- 
ness of  optical  glasses  of  small  focal  lengths.  Then, 
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by  the  method  of  the  same  author  (p.  21,  fig.  5)  I 
found  that  out  of  100,000  incident  rays,  94,825  were 
transmitted  through  the  glass.  Hence,  if  two  lenses 
be  used  89,918,  and  with  three  lenses  85,265  will  be 
transmitted  to  the  eye.  Then,  by  compounding,  we 
shall  have  in  a Telescope  of  my  construction  with 
one  reflection,  63,796  rays  out  of  100,000  rays  come 
to  the  Eye. 

“ In  the  Newtonian  form,  with  a single  Eye-lens, 
42,901,  and  with  a double  Eye-glass,  40,681  will  re- 
main for  vision, 

“ There  must  always  remain  a considerable  uncer- 
tainty in  the  quantities  here  assigned ; as  a new 
polished  mirror,  or  one  in  high  preservation,  will 
give  more  light  than  another  that  has  not  those 
advantages.  The  quality  * of  metal  will  also  make 
some  difference.”  (p.  65.) 

“ In  the  Newtonian  and  other  constructions,  where 
two  specula  are  used,  there  will  also  be  some  loss  of 
light,  on  account  of  the  interposition  of  the  small 
speculum. 

“ f suppose  tivo-tenths  of  an  Inch  as  being  perhaps 
the  general  opening  of  the  Iris  in  Star-light  nights, 
when  the  eye  has  been  some  moderate  time  in  the 
dark.”  (p.  66.) 

■*  Messrs.  Tulley  and  Watson  have  assured  me,  that  the 
Specific  Gravity  of  the  Metal  makes  a great  difference  in  its 
reflective  power,  and  that  Specula  reflect  light  in  proportion  to 
their  Densities. 
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“ In  the  year  1776,  when  I had  erected  a tele- 
scope of  20  feet  focal  length,  of  the  Newtonian  con- 
struction, one  of  its  effects  by  trial  was,  that  when 
towards  evening,  on  account  of  darkness,  the  natural 
eye  could  not  penetrate  far  into  space,  the  telescope 
possessed  that  power  sufficiently  to  shew,  by  the 
dial  of  a distant  church  steeple,  what  o’clock  it  was, 
notwithstanding  the  naked  eye  could  no  longer  see 
the  steeple  itself. 

“ Here  I only  speak  of  the  penetrating  power; 
for,  though  it  might  require  magnifying  power 
to  see  the  figures  on  the  dial,  it  could  require 
none  to  see  the  steeple.  Now  the  aperture  of  the 
telescope  being  12  inches,  and  the  construction 
of  the  Newtonian  form,  its  penetrating  power,  when 
calculated  according  to  the  given  formula,  will  be 

.y/^429  X 120°— 15"_  33  99^  being  all  ex- 

pressed in  tenths  of  an  inch. 

“ I have  given  the  figures,  in  all  the  following 
equations  of  the  calculated  penetrating  powers,  in 
order  to  shew  the  constructions  of  my  instruments 
to  those  who  may  wish  to  be  acquainted  with  them.” 
(p.  67.) 

“ The  distinction  between  magnifying  power  and 
a power  of  penetrating  into  space,  could  not  but  be 
felt  long  ago,  though  its  theory  has  not  been  inquired 
into.  This  undoubtedly  gave  rise  to  the  invention  of 
those  very  useful  short  telescopes  called  Night- 
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Glasses.  When  the  darkness  of  the  evening  cur- 
tails the  natural  penetrating  power,  they  come  in 
very  seasonably  to  the  relief  of  mariners  that  are  on 
the  look-out  for  objects  which  it  is  their  interest  to 
discover. 

“ Night-glasses,  such  as  they  are  now  generally 
made,  will  have  a power  of  penetrating  six  or  7 times 
farther  into  space  than  the  natural  eye.  For,  by  the 
construction  of  the  double  Eye-glass,  these  tele- 
scopes will  magnify  7 or  8 times,  and  the  Object- 
glass  being  inches  in  diameter,  the  breadth  of 
tire  optic  pencil  will  be  3|^th  or  3Lth  of  an  inch. 
As  this  cannot  enter  the  eye,  on  a supposition  of 
an  opening  of  the  Iris  of  2 tenths,  we  are  obliged  to 
increase  the  value  of  a,  in  order  to  make  the  telescope 
have  its  proper  effect. 

“ Now,  whether  nature  will  admit  of  such  an 
enlargement  becomes  an  object  of  experiment ; but, 

A 

at  all  events,  a cannot  be  assumed  less  than  — ■ 

m* 

Then,  if  x be  taken  as  has  been  determined  for  three 

refractions,  we  shall  have ^ ^ =6.46 or 7..S9/’ 

(p.  69.) 

“ The  20  feet  reflector  having  been  changed  from 
the  Newtonian  form  to  my  present  one,  (i.  e.  the 
Front  View,)*  I had  a veiy  striking  instance  of  the 

* “ The  Front  view  is  a method  of  using  the  reflecting  tele- 
scope different  from  the  Newtonian,  Gregorian,  and  Cassegrain 
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great  advantage  of  the  increased  penetrating  power, 
in  the  discovery  of  the  Gregorian  satellites. 

“ The  improvement,  by  laying  aside  the  small 
mirror,  was  from  61  to  75 ; and  whereas  the  formei 
was  not  sufficient  to  reach  these  faint  objects,  the 
latter  shewed  them  perfectly  well.”  (p.  75.) 

Among  other  instances  of  the  superior  effects  of 
penetration  into  space,  I should  mention  the  discovery 
of  an  additional  Sixth  satellite  of  Saturn,  on  the  28th 
of  August,  1789,  and  of  a Seventh  on  the  11th  of 
September,  in  the  same  year,  which  were  first  pointed 


forms.  It  consists  in  looking  with  the  eye-glass,  placed  a little 
out  of  the  axis,  directly  in  at  the  front,  without  the  interposition 
of  a small  speculum;  and  has  the  capital  advantage  of  giving  us 
almost  double*  the  light  of  the  former  constructions.  In  the  year 
1776  I tried  it  for  the  first  time  with  a 10  feet  rehector,  and  in 
1784  again  with  a 20  feet  one;  but  the  success  not  immediately 
answering  my  expectations,  it  was  too  hastily  laid  aside.  By  a 
more  careful  repetition  of  the  same  experiment  I find  now,  that 
several  other  considerable  advantages,  added  to  the  brilliant  light 
before  mentioned,  make  it  so  valuable  a construction,  that  a 
iudicious  observer  may  avail  himself  of  it,  at  least  in  all  cases 
where  light  is  more  particularly  wanted ; and  from  the  experience 
of  thirty  sweeps,  which  I have  already  made  with  it,  I may  ven- 
ture to  announce  it  to  be  a very  convenient  and  pleasant,  as  well 
as  useful,  way  of  observing.  With  regard  to  the  ^ 

objects,  it  differs  from  other  constructions,  by  inverting  the  non 
^nd  south,  but  not  the  preceding  and  following.”-Dr.  IIles.hei-, 
in  Fhil.  Trans,  for  1786,  vol.  Ixxvi.  p.  499. 

^ In  the  text  Dr.  II.  calculates  it  at  onc-ffth  more-as  7b  to 
61.— (See  the  Mh  line  of  this  page.)— • K. 
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out  by  the  instrument  (40  feet).  It  is  true  that 
both  Satellites  * are'  within  the  reach  of  the  20  feet 
telescope ; but  it  should  be  remembered  that  when 
an  object  is  once  discovered  by  a superior  power,  an 
inferior  one  will  suffice  to  see  it  afterwards. 

“ I need  not  add,  that  neither  the  7 nor  10  feet 
telescopes  will  reach  them ; their  powers,  20  and  29, 
are  not  sufficient  to  penetrate  to  such  distant  objects, 
when  the  brightness  of  them  is  not  more  than  that 
of  these  satellites.  It  is  also  evident,  that  the 
failure  in  these  latter  instruments,  arises  not  from 
want  of  magnifying  power  ; as  either  of  them  has 
much  more  than  sufficient  for  the  purpose.”  (p.  77.) 

“ From  my  long  experience  in  these  matters,  I am 
led  to  apprehend  that  the  highest  power  of  magnify- 
ing may  possibly  not  exceed  the  reach  of  a 20  or 
25  feet  telescope ; or  may  even  lie  in  a less  compass 
than  either. 

“ However,  m beautiful  Nights,  when  the  outsides 
of  our  telescopes  are  dropping  with  moisture  dis- 
charged from  the  atmosphere,  there  are  now  and 
then  favourable  hours  in  which  it  is  hardly  possible 
to  put  a limit  to  magnifying  power. 

“ But  such  valuable  opportunities  are  extremely 


I have  twice  seen  both  these  Satellites  perfectly  plainly,  in  a 
12  feet  Achromatic  of  7 inches  Aperture,  with  a Magnifying 
power  of  150,  made  by  Mr.  Tulley. — See  a particular  account  of 
this  observation,  in  Chapter  XIX.  of  this  work.— W.  K. 
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scarce,  and  with  large  instruments  it  will  always  be 
lost  labour  to  observe  at  other  times.”  (p.  81.) 

“ From  what  has  been  said  before,  we  may  con- 
clude, that  objects  are  viewed  in  their  greatest  perfec- 
tion, when,  in  penetrating  space,  the  magnifying 
power  is  so  low  as  only  to  be  sufficient  to  shew  the 
object  well ; and  when,  in  magnifying  objects  by 
way  of  examining  them  minutely,  the  space-pene- 
trating power  is  no  higher  than  what  will  suffice  for 
the  purpose  : for,  in  the  use  of  either  power,  the  in- 
judicious charge  of  the  other  will  prove  hurtful  to 
perfect  vision.” 


CHAPTER  XVIII. 


HOW  TO  -CHOOSE,  AND  HOW  TO  USE  TELESCOPES 
FOR  CELESTIAL  PURPOSES. 

To  Compare  Instruments,  and  to  ascertain  their 
peculiar  powers — be  not  satisfied  with  less  than 
Three  Xights’  trial,  and  try  a variety  of  Objects  — 
Double  Stars — Planets — Day-Objects,  &c. 

It  is  of  the  first  importance,  that  the  Reader 
should  be  fully  aware,  that  such  is  the  ever- 
changing  and  vibrating  state  of  the  Atmosphere  of 
this  Country,  that  some  Evenings  which  appear  to 
be  extremely  fine,  and  the  Stars  are  brilliant  and 
dazzling  to  the  naked  Eye,  are  quite  unfit  for  observa- 
tion with  Telescopes;  and  the  best  Glasses  shew 
Stars  like  Darts,  and  Planets  not  with  a sharply 
defined  disk,  but  tremulous  and  hazy,  and  the  Divi- 
sion in  the  Ring  of  Saturn  is  hardly  visible. 

February  the  3d,  1825,  was  such  a Night  as  this. 
My  bestTelescope  acted  so  imperfectly,  that  I thought 
it  had  been  put  out  of  adjustment,  till  on  comparing 
it  with  a very  perfect  30  Inch  Achromatic,  I dis- 
covered that  the  Atmosphere  was  extremely  unfa- 
vourable for  Observation  : it  generally  is  when  the 
wind  is  in  the  East. 

p 


314  HOW  TO  CHOOSE  AND  HOW  TO  USE 


In  the  morning  of  the  4th  of  February,  there  was 
a fall  of  Snow,  and  at  intervals  during  the  day  till 
6 in  the  Evening— at  ^ past  9,  the  air  was  favour- 
able for  observation,  and  I saw  the  Division  in 
Saturn’s  Ring  very  distinctly— it  is  impossible  to,  i 
guess  whether  a Night  is  well  adapted  for  Celes-  i 
tial  observations  till  you  try ; and  Instruments  j 
are  often  condemned,  when  the  Atmosphere  only  is  | 
in  fault. 

“ For  if  there  be  any  vapours  moving  and  undu- 
lating in  the  atmosphere,  which  often  happens,  j 
though  the  night  appears  clear  to  the  naked  eye,  | 
these  will  entirely  destroy  the  distinctness  of  the  j 
appearance  : and  it  often  happens  that  the  air  m j 
this  respect,  at  least  here  with  us  at  Kew,  will  so  | 
suddenly  and  so  totally  alter,  that  the  object  will  I 
appear  very  distinct  and  very  confused  afterwards  in 
3 or  4 seconds  of  time ; and  the  air  is  sometimes  so 
very  variable,  that  objects  will  appear  instantaneously 
to  change  from  being  very  clear  to  be  confused,  and 
then  to  be  clear  again.  It  will,  therefore,  be  proper 
to  accustom  one’s  self  to  the  fluctuating  appearances  • 
of  some  land-objects,  seen  in  the  day  time  through 
the  reflector  ; lest  the  undulating  appearances  of  the 
planets  in  the  night  may  deceive  one,  and  incline  one 
to  think  this  instrument  does  not  succeed  so  well  as  • 
it  is  certain  it  will  in  a pure  undisturbed  Air.”- 
Dr.  Smith’s  OjJtics,  4to.  vol.  ii.  p.  366. 

» I have  had  recourse  to  my  Journals,  to  find  /lo^v 
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many  Favourable  Hours  we  may  Annually  hope  for 
in  this  Climate. 

“ It  is  to  be  noticed,  that  the  Nights  must  be 
very  clear — the  Moon  absent  — no  Twilight — no 
Haziness — no  violent  Wind — and  no  sudden  change 
of  Temperature ; — and  if  appears  that  a Year  which, 
will  afford  90,  or  at  most  100  Hours,  is  to  be  called 
a very  productive  one”!!! — Sir  W.  H.  in  p.  84  of 
vol,  xc.  of  the  Phil.  Trans. 

This  calculation  of  Sir  William  H.  may  surprise 
the  Novice,  until  he  understands  that  a Planet  or  Star 
is  only  in  a situation  for  high  Magnifying  power, 
about  half  the  time  that  it  is  above  the  Horizon  — 
t.  e.  it  must  be  within  Three,  and  for  the  nighest 
Magnifiers  within  One,  Hour  of  the  Meridian. 

However,  this  scarcity  of  Clear  Nights  is  not  to  be 
lamented  quite  so  much  as  the  Reader  may  at  first 
imagine — the  strongest  sight  will  be  fatigued,  nay, 
will  soon  be  impaired,  if  employed  too  often  on  such 
Eye-straining  business. 

To  ascertain  to  a certainty,  whether  the  Atmo- 
sphere or  the  instrument  is  in  fault ; have  a 30  Inch 
Achromatic  Telescope,  of  proved  perfectness ; and 
before  you  try  a New  Telescope,  see  how  that  acts 
whose  performance  you  are  acquainted  with.  — I 
recommend  an  Achromatic,  because  they  are  more 
uniform  in  their  action  than  Reflectors. — See  Sir  Wm. 
Herscuel  s Paper,  on  the  Causes  %vhich  prevent 
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Mirrors  shewing  Objects  distinctly — and  the  Chapter 
on  Double  Stars. 

I have  never  seen  the  face  of  Saturn  more  dis- 
tinctly than  in  a Night  when  the  Air  has  been-  so 
hazy,  that  with  my  naked  Eye,  I could  hardly  I 
discern  a Star  of  less  than  the  third  magnitude. 

The  degree  of  the  transparency  of  the  Air  is  vary-  ! 
ing  almost  every  minute,  so  that  even  in  the  course  i 
of  the  same  quarter  of  an  hour.  Planets  and  Stars  i 
will  appear  distinctly  defined,  and  “ vice  versa.'" 

To  make  any  thing  like  an  accurate  comparison  i 
of  Telescopes,  they  must  be  tried,  not  only  at  the  ! 
same  Place,  but  as  nearly  as  possible  at  the  same  j 
Minute  — and  if  the  Instruments  are  of  the  same  i 
Leiip-th  and  construction,  if  possible,  with  the  same  j 
Eye-tube. 

See  that  the  Eye-tubes  are  glassed  with  the  same  j 
kind  of  Glass,  and  that  they  are  of  the  same  Magni-  | 
tying  power,,  or  the  comparison  will  be  in  vain. 

’ A°difference  of  5 or  10  times  in  the  Magnifying  ! 
power,  will  sometimes,  on  some  Objects,  give  quite  a | 
different  character  to  a Telescope  — thus  Object- 
Glasses  of  an  inch  or  two  longer  focus,  will  give 
different  vision  with  the  same  Eye-piece. — See 
Mr.  Tolley’s  Letter,  at  p.  165. 

The  Colour,  the  Density,  and  the  Condition,  of 
the  Speculum’  of  a Reflecting  Telescope,  is  as  import- 
ant as  the  colour  of  the  Glasses,  of  an  Achromatic. 
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See  that  the  Eye-glasses  are  free  from  defects, 
and  are  perfectly  clean;  if  they  are  not,  wipe  them 
carefully  with  a piece  of  quite  new  and  soft  Lamb  s- 
skin  leather; — in  replacing  them,  take  care  not  to 
touch  their  surfaces  with  your  fingers,  but  take  hold 
of  the  edges  only,  and  screw  them  into  the  same 
places  you  took  them  out  of. 

The  Defects  of  Glass  are  either  from  Veins — 
Specks — Scratches — Colour — or  false  Figure. 

To  discover  Veins  in  an  Eye-Glass  or  an  Object- 
Glass,  place  a Candle  about  5 or  6 yards  from  you  ; 
then  look  through  the  Glass,  move  it  from  your  Eye 
till  you  find  it  full  of  Light,  and  you  will  then  clearly 
see  every  vein,  8cc.  in  it,  which  renders  Vision  imper- 
fect by  distorting  the  Objects. 

Specks  or  Scratches  are  not  so  mischievous  as 
Veins,  for  they  do  not  distort  the  object,  but  only 
intercept  part  of  the  Light ; — however,  such  de- 
fective Glasses  should  not  be  used. 

Whatever  difference  there  may  be  in  the  di- 
mensions of  the  Instruments,  if  we  wish  to  be 
acquainted  with  their  respective  qualities,  they 
should  be  first  charged  with  exactly  the  same  Mag- 
nifying Power  (see  p.  238) ; if  the  Telescope  s are 
for  Celestial  use,  this  should  not  be  less  than  100 — if 
for  Terrestrial,  not  less  than  50.  After  this,  you  may 
proceed  to  try  those  powers,  with  which  each  Instru- 
ment acts,  most  perfectly ; for  ascertaining  of  which, 
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we  have  already  given  directions  in  Chapters  XII,, 
XIII.,  and  XIV. 

You  cannot  judge  accurately  of  the  excellence  of 
any  Telescope,  by  observing  any  object  which  you  i 
are  not  acquainted  with.  — “ Every  Eye  reads  best  j 
out  of  its  own  Book” — and  Opticians  have  assured  j 
me,  that  to  pronounce  positively  on  the  quality  of 
an  Instrument,  they  must  try  it  at  their  own  Marks. 

The  Dial-plate  of  a Watch,  placed  about  100  feet 
from  the  Telescope,  is  an  Excellent  Test  of  the  dis- 
tinctness and  Achromaticalness  of  a Glass,  especially 
when  the  Sun  shines  strongly  upon  it  — so  is  a . 
Weathercock,  or  any  object  in  the  Day,  with  a bright  i 
light  behind  it,  and  the  Moon,  and  best  of  all  the  : 
Planet  Jupiter,  when  near  to  the  Meridian. 

These  are  severe  tests  of  the  Achromaticalness  of 
an  Instrument,  and  there  are  very  few  which  will 
not  shew  some  colour  about  the  edges  of  all  these 
objects  ; and  in  proportion  that  they  do  so,  they  are  ! 
imperfect  for  Astronomical  purposes. 

Those  Achromatic  Telescopes,  which  from  their 
being  a little  over-corrected,  that  is,  when  the  focal 
length  of  the  Convex  is  formed  a little  too  long  for 
the  Concaue— and  the  purple  rays  rather  predomi- 
nate, are  considered  to  be  the  most  brilliant  and 
distinct  in  the  Day  time,  are  proportionately  inferior 
for  Celestial  purposes. 

Dr.  Smith,  in  his  Remarks  on  Optics,  observes,  in 
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his  2d  vol.  p.  80  “ Of  several  Telescopes  of  the 

sanae  length,  same  Aperture,  and  same  Magnifying 
power,  that  is  the  best  with  which  you  can  read  a 
given  print  at  the  greatest  distance. 

This  is  a good  proof  of  the  power  of  a Day  Tele- 
scope, but  a very  inadequate  proof  of  its  fitness  for 
Celestial  purposes. — See  Chapters  on  Saturn  and  on 
Double  Stars. 

“ Magnifying  very  minute  objects,  and  particu- 
larly reading  at  a distance,  have  been  generally 
considered  as  the  surest  tests  of  the  goodness  of  a 
Telescope; — and,  indeed,  when  the  page  is  placed  at 
a great  distance,  so  that  the  Letters  subtend  but  a 
very  small  angle  at  the  Eye  ; if  then  they  appear 
with  great  precision  and  sharpness,  it  is  most  pro- 
bable that  the  Instrument  is  a good  one.  But  yet 
we  are  sometimes  apt  to  be  deceived  by  this  method ; 
nor  is  it  always  possible  to  determine  on  the  different 
merits  of  2 Instruments  of  equal  power,  by  this 
mode  of  examination ; for  when  the  Letters  are  re- 
moved to  the  utmost  extent  of  the  powers  of  the 
2 Instruments,  the  Eye  is  apt  to  be  prejudiced  by 
the  Imagination.  If  2 or  3 Words  can  be  here  and 
there  made  out,  all  the  rest  are  guessed  at  by  the 
sense ; insomuch  that  an  observer,  zealous  for  the 
honour  of  his  Instrument,  is  very  apt  to  deceive 
himself  in  spite  of  his  intentions. 

“ The  surest  Test  is  by  Figures.  In  order  to 
examine  my  lleflecting  Telescopes,  I made  on  a 
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piece  of  copper,  and  on  a black  ground,  6 lines,  con- 
sisting of -about  12  pieces  of  gold  figures,  and  each 
line  of  figures  differing  in  magnitude  from  the 
smallest  that  could  be  distinctly  made,  to  those  of 
about  i’^ch  long ; besides,  the  figures  in 

the  several  lines  were  differently  disposed,  and  the 
sum  of  each  line  also  differed.  It  is  evident,  that 
by  this  method  all  guess  is  precluded  ; and  that  of 
2 instruments,  of  the  same  powers,  that  which  can 
make  out  the  least  order  of  figures,  which  will  be 
known  by  the  sum,  is  the  best  Telescope.  Such  a 
plate  I caused  to  be  fixed  up  for  experiments  against 
the  top  of  a Steeple,  about  300  Yards  north  of  my 
house ; and  it  will  serve  to  give  some  idea  of  the 
distinctness  with  which  very  small  figures  could  be 
made  out  at  that  distance,  by  saying,  that  in  a clear 
state  of  the  air,  and  with  the  sun  behind  me,  with  a 
Telescope  of  18  inches  focal  length,  I have  seen  the 
Legs  of  a small  Fly,  and  the  shadows  of  them,  with 
great  precision  and  exactness.” — Mr.  J.  Mudge  on 
Reflecting  Telescopes,  from  the  Phil.  Trans,  for 
1777. 

The  Atmosphere  appears  most  transparent  when 
there  is  least  wind — vision  seems  better,  because  the 
Telescope  is  still. 

//■  your  Telescope  stands  in  an  OBSERVATOR^ 
which  has  a moveable  Dome,  or  sliding  shutters  in 
the  Roof,  these  Apertures  should  be  opened  half  an 
hour  before  you  put  out  your  Glass — for  if  the  tein- 
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perature  of  the  external  air,  and  the  air  in  the  room, 
be  not  the  same,  in  the  degree  in  which  they 
differ,  will  your  Instrument,  especially  a Reflecting 
Telescope,  in  a wooden  Tube,  perform  imperfectly. 
The  only  comfort  of  such  an  Observatory  is,  that  it 
shields  you  from  Currents  of^Wind. 

Nor  will  a large  Reflector  perform  properly  for  some 
time  after  it  has  had  a violent  shake,  therefore,  the 
Stands  of  large  Idejiectors  should  be  upon  easy- 
rnoving  Castors,  like  those  applied  by  Sir  Wm.  H. 

The  best  Roof  for  an  Observatory  to  use  a Tele- 
scope in,  is  that  which  can  be  thrown  back  entirely 
on  each  side — and  is  not  above  6 feet  from  the  floor, 
so  that,  the  Observer  can  see  all  around  to  the  very 
edge  of  the  Horizon. 

“It  is  manifest,  that  Observations  made  in  the 
Open  Air  promise  the  greatest  degree  of  consistency 
with  each  other,  and  the  best  elements  for  a theory 
and  law  of  refractions;  but  as  this  method,  particu- 
larly in  our  Northern  Climates,  cannot  be  pursued 
with  safety,  either  to  the  Astronomer  or  his  appara- 
tus, we  can  only  endeavour  to  approximate  to  this 
perfection,  by  making  our  buildings  as  open  to  the 
Air  as  may  be  consistent  with  their  particular  struc- 
ture, and  the  health  and  convenience  of  the  ob- 
server. 

“ The  Meridian  Apertures  for  the  Transit  Instru- 
ment and  Circle,  are  6 feet  wide;  which  is  a breadth 
considerably  greater  than  I have  heard  of  in  any 

p 2 
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Observatoiy.  These,  or  a part  of  them,  should  be 
left  open  until  the  temperature  within,  and  that 
abroad,  are  found  to  agree  entirely,  or  as  nearly  as 
can  be  effected : through  these  and  the  windows, 
there  is  a free  admission  of  air — and  that  the  tem- 
perature within  may  at  all  times  be  more  nearly  \ 
equal  to  that  of  the  external  air  ; there  are  semi- 
circular air-holes  in  the  walls,  grated  and  covered 
with  thin  wide  canvass,  which  are  always  left  open 
to  the  air,  except  in  wet  or  damp  weather,  when  they 
are  closed  with  shutters  within.” — Dr.  Usher’s 
Account  of  the  Observatory  of  Trinity  College, 
Dublin,  in  pages  5 and  17  of  the  Is^  vol.  oj  the 
Transactions  of  the  Royal  Irish  Academy,  4^o,  | 
1787. 

“ (40.)— Oct.  10,  1780, -6h.  30m.  Having  just 
brought  out  my  Telescope,  it  will  not  act  well.  , 

“ 6h.  45m.  The  Tube  and  Specula  are  now  in 

order,  and  perform  very  well. 

“ (41.)— Jan.  11,  1782.  To  all  appearance  the  ' 
Morning  was  very  fine,  but  still  the  Telescope,  when 
first  brought  out,  would  not  act  well.  After  half 
an  hour’s  exposure,  it  performed  better.”  — Dr. 
Herschel,  in  vol.  xciii.  of  Phil.  Trans,  p.  217, 
and  following. 

“ The  Observer*,  as  well  as  the  Instrument,  must 

=*  Then  a poor  Star-g-azer,  on  a cold  frosty  night,  must  he  frozen 
before  he  can  see,— this  may  certainly  qualify  liim  for  observauons 
on  the  other  side  of  the  Sti/x  ! ! •' 
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have  been  long  enough  out  in  the  Open  Air  to 
acquire  the  same  Temperature*.  In  very  cold 
weather,  an  hour,  at  least,  will  be  required ; but 
in  a moderate  Temperature,  half  an  hour  will  be 
sufficient.”  — Dr.  Herschel’s  Obs.  on  19  h Dra- 
conis,  near  FI.  20 — in  his  First  Catalogue  oj  Double 
Stars,  in  vol.  Ixxii.  of  the  Pkil.  Trans. 

I find  the  following  observation  in  my  own 
Journal  : — 

1808,  May  1.  Cary’s  7 feet  Newtonian  Re- 
flector, 7 Inches  Aperture — Saturn  with  240,  very 
beautiful,  the  division  in  the  Ring,  and  the  Belts, 
seen  very  distinctly, — the  Telescope  in  the  Ob- 
servatory— as  good  after  the  first  half-hour,  as  after 
the  Windows  and  Door  had  been  open  for  two  hours. 

To  avoid  Currents  of  Air  passing  before  the  Glass, 
whenever  the  W eather  will  permit,  let  the  Telescope 
be  taken  out  of  Doors — it  will  seldom  do  its  utmost, 
unless  it  be  placed  on  the  Ground,  in  the  Open  Air, 
at  least  a quarter  of  an  hour  before  you  use  it,  and 
the  object  of  Observation  is  near  to  the  Meridian. 

Objects  are  not  only  much  better  seen  with  any 
given  Eye-tube,  in  proportion  that  they  are  near  to 
the  Meridian,  but  we  may  use  a higher  Mag- 

* According  to  Smeaton,  “ Glass  expands  in  length  for 
800°  of  temperature,  consequently  it  expands  ^Jgth  in  bulk” — and 
“ Speculum  Metal  expands  .001933  in  Length — and  .005811  in 
Bulk.”— Buchanan  on  Fuel,  8vo,  1810,  pp.  35  and  39. 
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nifier. — See  my  Ohs.  on  Saturn,  which,  when  close  i 
to  the  Meridian,  was  as  sharp  with  190,  as  when  | 
Two  hours  from  it  it  was  with  160,  or  Four  hours 
from  it  with  130.  I 

If  the  Instrument  has  been  kept  in  a room,  the  | 
temperature  of  which  is  warmer  than  the  open  air, 
take  off  the  cover  of  the  Object-end,  and  take  out 
the  Eye-piece,  and  let  the  air  pass  through  the  Tube 
for  10,  or  20,  or  more  minutes. 

For  the  same  space  of  time,  the  Eye  must  avoid 
all  stimulating  and  bright  objects ; so  that  the 
Pupil  may  be  in  its  most  expanded  and  sensitive 
state. 

The  larger  the  Telescope,  the  longer  time  it  will 
take  to  acquire  the  Temperature,  especially  if  it  has 
a Wooden  Tube,  and  the  Large  Speculum  is  above 
5 inches  in  diameter. 

My  Great  Dumpy  Gregorian,  whose  Large  Metal 
is  9^ths  inches  in  diameter,  is  seldom  in  good 
temper  till  it  has  been  exposed  to  the  external  air 
for  at  least  Half  an  Hour. 

“ A 40  feet  telescope  should  only  be  used  for  exa- 
mining objects  that  other  instruments  will  not  reach. 

To  look  through  a larger  Telescope  than  required  is 
loss  of  time,  which,  in  a fine  night,  an  astronomer 
has  not  to  spare ; but  it  ought  to  be  known  that  tlie 
opportunities  of  using  the  40  feet  reflector,  are  ren- 
dered very  scarce  by  two  material  circumstances. 
The  first  is  the  changeable  temperature  of  the  atmo- 
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sphere,  by  which  the  mirror  is  often  covered  with 
the  condensation  of  vapour  upon  its  surface,  which 
renders  it  useless  for  many  hours ; and  in  cold 
weather,  by  freezing  upon  it  for  the  whole  night,  and 
even  for  weeks  together ; for  the  ice  cannot  be  safely 
taken  off  till  a general  thaw  removes  it.  The  next 
is,  that,  with  all  imaginable  care,  the  polish  of  a 
mirror  exposed,  like  that  in  the  40  feet  telescope, 
though  well  covered  up,  will  only  preserve  its  re- 
quired lustre  and  delicacy  about  two  years.” — See 
Phil.  Trans,  vol.  civ.  p.  275. 

“ The  large  Speculum  is  49h  inches  in  diameter,  but 
on  the  rim  is  an  offset  |ths  of  an  inch  broad,  and 
1 inch  deep,  which  reduces  the  concave  face  of  it 
to  a diameter  of  48  inches  of  polished  surface.” 

When  the  Eye  is  properly  prepared,  the  sensibility 
of  our  Sight  is  increased  very  considerably ; and 
when  the  Division  in  Saturn’s  Ring,  and  difficult 
and  delicate  Double  Stars,  are  the  objects  of  exa- 
mination, Sir  W.  H.  cautions  us,  that  “ it  is  in  vain 
to  look  for  them,  unless  every  circumstance  be  favour- 
able and  such  preparation  of  both  the  Eye  and  the 
Instrument  are  indispensable. 

I have  found  it  very  necessary,  to  occasionally 
rest  the  Eye  for  a few  minutes  : that  it  may  recover 
its  irritability,  which  is  soon  exhausted  when  stimu- 
lated by  an  intensely  bright  object. 

When  a Light  is  necessary,  to  find  an  Eye-piece, 
or  rectify  the  Instrument,  to  prevent  the  adjustment 
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of  the  Hye  being  disturbed,  use  a small  Lantern, 
which  gives  a faint  Light  only  on  one  side. 

OBSERVATIONS  AND  EXPERIMENTS  RELATING  TO 
THE  CAUSES  WHICH  OFTEN  AFFECT  MIRRORS, 
SO  AS  TO  PREVENT  THEIR  SHEWING  OBJECTS 
DISTINCTLY.  (From  Dr.  Herschei.'s  Paper  in 
p.  217,  8cc.  of  vol.  xciii.  of  the  Phil.  Trans.) 

“ It  is  well  knovm  to  astronomers,  that  telescopes 
will  act  very  differently  at  different  times.  The 
cause  of  the  many  disappointments  they  may  have 
met  with  in  their  observations,  is,  however,  not  so 
well  understood. 

“ Sometimes  we  have  seen  the  failure  ascribed  to 
certain  tremours,  as  belonging  to  Specula,  and 
remedies  have  been  pointed  out  for  preventing  them. 
Not  unfrequently,  again,  the  telescope  itself  has  been 
condemned ; or,  if  its  goodness  could  not  admit  of  a 
doubt,  the  weather  in  general  has  been  declared  bad, 
though  possibly  it  might  be  as  proper  for  distinct 
vision  as  any  we  can  expect  in  this  changeable 
climate. 

“ The  experience  acquired  by  many  years  of  ob- 
servation, will,  however,  I believe,  enable  me  now  to 
assign  the  principal  cause  of  the  disappointments  to 
which  we  are  so  often  exposed. 

“ Unwilling  to  hazard  any  opinion  that  is  not  pro- 
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perly  supported  by  facts,  I shall  have  recourse  to  a 
collection  of  occasional  observations.  They  have 
been  made  with  specula  of  undoubted  goodness,  so 
that  eveiy  cause  which  impeded  their  proper  action 
must  be  looked  upon  as  extrinsic. 

“ I shall  arrange  these'observations  under  different 
lieads,  that,  when  they  have  been  related,  there  may 
remain  no  difficulty  to  draw  a few  general  conclusions 
from  them,  which  will  be  found  to  throw  a consider- 
able light  upon  our  subject. 

“ MOISTURE  IN  THE  AIR. 

“ (1.) — October  5,  178,1.  I see  double  stars,  with 
460,  completely  well.  The  air  is  very  damp,  which 
proves  that  damp  air  is  no  enemy  to  good  vision. 

“ (4.)— Dec.  28,  1782.  17h.  30m.  The  water 
condensing  on  my  tube,  keeps  running  down,  yet 
I have  seen  very  well  all  night.  I was  obliged  to 
wipe  the  Object-glass  of  my  finder  almost  continually. 
The  specula,  however,  are  not  in  the  least  affected 
with  the  damp.  The  ground  was  so  wet,  that  in  the 
morning  several  people  believed  there  had  been  much 
rain  in  the  night,  and  were  surprised  when  I assured 
them  there  had  not  been  a drop.”  (p.  219.) 

“ FOGS. 

“ (9,)— Oct.  30,  1779.  It  grows  very  foggy,  and 
the  moon  is  surrounded  with  strong  nebulosity  ■, 
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nevertheless,  the  stars  are  very  distinct,  and  the 
telescope  will  bear  a considerable  power. 

“ (10.)— August  20,  1781.  It  is  so  foggy,  that  1 
cannot  see  an  object  at  the  distance  of  40  feet ; yet 
the  stars  are  very  distinct  in  the  telescope.  By  an 
increase  of  the  fog,  ^4  Piscium  can  no  longer  be  seen 
by  the  eye ; yet,  in  the  telescope,  it  being  double, 

I see’ both  the  stars  with  perfect  distinctness.” 

(p.  221.) 

“ DRY  AIR. 

« (^26.) — Dec.  21,  1782.  The  tube  of  my  tele- 
scope is  dry,  and  I do  not  see  well. 

(^27.) — April  30,  1783.  The  stars  are  extremely 
tremulous  and  confused  5 the  outside  of  my  telescope 
is  quite  dry.”  (p.  222.) 

“ WINDY  WEATHER. 

» (3^,) — Jan.  8,  1783.  It  is  very  windy.  The 
diameters  of  the  stars  are  strangely  increased,  even 
those  at  60°  and  70°  of  altitude.  Every  star  seems 
to  be  a little  planet. 

('32.)_Jan.  9,  1783.  Wind  increases  the  ap- 
parent diameters  of  the  stars. 

“ (33.)— Sept.  20,  1783.  The  night  has  been 
very  windy ; and  I do  not  remember  ever  to  have 
seen  so  ill,  with  such  a beautiful  appearance  of 
brilliant  star-light. 
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“ FliVE  IN  APPEARANCE. 

“ (34.) — May  28,  1781.  The  evening,  though 
fine  in  appearance,  is  not  favourable.  No  instru- 
ment I have  will  act  properly.  The  wind  is  in 
the  east.”  (p.  223.) 

“ OVER  A BUILDING. 

“ (38.) — August  24,  1780.  I viewed  s Bootis 
with  449,  737,  and  910,  but  saw  it  very  indifferently. 
The  star  was  over  a house. 

‘‘  THE  TELESCOPE  LATELY  BROUGHT  OUT. 

(40.) — Oct.  10,  1780,  6h.  30m.  Having  but 
just  brought  out  my  telescope,  it  will  not  act  well. 

“ 6h.  45m.  The  tube  and  specula  are  now  in 
order,  and  perfonn  very  well. 

“ (41.) — Jan.  11,  1782.  To  all  appearance,  the 
morning  was  very  fine,  but  still  the  telescope,  when 
first  brought  out,  would  not  act  well.  After  half  an 
hour’s  exposure,  it  performed  better. 

“ HAZINESS  AND  CLOUDS. 

“ (46.)— July  7,  1780.  The  air  was  very  hazy, 
but  extremely  calm. 

I had  Arcturus  in  the  field  of  view  of  the 
telescope,  and  the  haziness  increasing,  it  had  a very 
beautiful  effect  on  the  apparent  diameter  of  this  star. 
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For,  supposing  the  first  of  the  points,  Plate  111. 
fig.  1,  at  page  232,  to  represent  its  magnitude  when 
brightest,  I saw  it  gradually  decrease,  and  assume, 
with  equal  distinctness,  the  form  of  all  the  succeed- 
ing points,  from  No.  1 to  No.  10,  in  the  order  of  the 
numbers  placed  over  them.  The  last  magnitude  I 
saw  it  under,  could  certainly  not  exceed  two-tenths 
of  a second ; but  was  perhaps  less  than  one. 

“ This  leads  to  the  discovery  of  one  of  the  causes 
of  the  apparent  magnitude  of  the  fixed  stars. 

(p.  225.) 

The  observations  which  are  now  before  us,  appear 
to  be  sufficient  to  establish  the  following  principle ; 
namely, 

“ That,  in  order  to  see  well  with  telescopes,  it  is 
required  that  the  temperature  of  the  atmosphere  and 
mirror  should  be  uniform,  and  the  air  fraught  with 
moisture.” 

This  being  admitted,  we  shall  find  no  difficulty  in 
accounting  for  every  one  of  the  foregoing  observa- 
tions. 

“ If  an  uniform  temperature  be  necessary,  a frost 
after  mild  weather,  or  a thaw  after  frost,  will  derange 
the  performance  of  our  mirrors,  till  either  the  frost 
or  the  mild  weather  are  sufficiently  settled,  that  the 
temperature  of  the  mirror  may  accommodate  itself  to 
that  of  the  air.  For,  till  such  an  unifoimity  with  the 
open  air,  in  the  temperature  of  the  mirror,  the  tube, 
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the  eye-glasses,  and,  I would  almost  add,  the  ob- 
server, be  obtained,  we  cannot  expect  to  see  well.” — 
See  observation  15,  17,  18,  19,  and  23. 

This  explains  with  equal  facility,  why  no  telescope 
just  brought  out  of  a warm  room  can  act  properly. 
See  Obs.  40  and  41. 

“ Nor  can  we  ever  expect  to  make  a delicate  ob- 
servation, with  high-magnifying  powers,  when  look- 
ing through  a door,  window,  or  slit  in  the  roof  of  an 
Observatory  ; even  a confined  place,  though  in  the 
open  air,  will  be  detrimental.” — p.  226. 

CLAMP  STAND. 

Dr.  Derham  observes  in  the  preface  to  his  Astro- 
Theology,  “ the  nights  that  are  more  than  ordinarily 
serene  and  clear,  are  commonly  those  which  are  the 
most  intensely  cold.”  In  cold  weather,  the  most  con- 
venient and  steady  manner  of  supporting  a Tele- 
scope, is  by  a Clamp*  made  to  fasten  on  the  win- 
dow sashes  when  the  top  sash  is  put  down : the 
object-end  of  the  Telescope  is  then  in  the  open  air, 
and  if  there  is  no  fire  in  the  room,  and  the  Window 
has  been  open  for  half  an  hour- — you  will  see  as  well 
as  if  you  were  out  of  doors. 

By  this  Clamp,  we  have  all  the  steadiness  of  being 
on  the  Ground,  without  being  exposed  to  cold  and 

* Mr.  Jones,  Optician,  at  Charing  Cross,  made  me  a very  com- 
plete clamp. 
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damp ; I have  never  seen  any  Stand  more  steady 
than  my  Clamp  on  the  Sashes  is. 

Be  it  always  remembered,  that  Steadiness  is  of  the 
first  importance. 

When  high  Magnijiers  are  used,  we  need  eveiy 
assistance  that  can  be  contrived  ; even  with  the  best 
constructed  Stands,  a person  walking  in  the  Boons, 
or  a Coach  within  hearing  of  the  rattling  of  its  wheels, 
will  prevent  our  seeing  distinctly ; nay,  the  very  pulsa- 
tion in  the  body  of  the  observer  will  sometimes  agitate 
a floor  enough  to  produce  this  effect ; accordingly,  in 
well-constructed  Observatories,  if  the  Instruments 
are  not  placed  on  the  Ground,  or  on  Stone  Pillars, 
they  are  supported  on  one  floor,  and  the  Observer 
stands  upon  another,  which  is  attached  to  the 
Girders  and  Joists  of  the  Roof. 

When  we  wish  to  discern  those  delicate  and 
minute  objects,  which  are  the  most  interesting  ex- 
hibitions that  our  Telescopes  display  to  us,  and  with 
the  finest  Instruments  are  only  discernible  with  the 
most  favourable  circumstances,  we  should  be  in  a 
position  of  the  greatest  ease:  — no  cramp  or  painful 
posture  must  distort  the  Body,  or  irritate  the 
Mind,  the  whole  powers , of  which  must  be  concen- 
trated in  the  Eye. 

For  this  reason,  Smeaton’s  Stool,  which  is  adjust- 
able  to  sit  at  various  heights — and  the  Box  men- 
tioned in  the  Chapter  on  Newtonians  (see  p.  H2), 
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are  indispensable  auxiliaries. — Our  Body  must  be  in 
the  easiest  possible  posture,  when  we  wish  our  Eye 
to  have  all  its  powers  in  perfection ; and  our  Seat 
requires  adjusting  to  heights  according  to  the  eleva- 
tion of  our  Telescope. — See  p.  234. 

M R . Au  B E R T,  who  built  the  0 bsei’vatory  at  Highbury 
Place,  Ishngton — had  36  Telescopes;  his  favourite 
was  a 46  Inch  Achromatic — which  I purchased  of 
Mr.  Hodgson,  who  bought  it  at  Mr.  Aubert’s  sale — 
this  was  a very  sharp  Day  Telescope,  and  had  an 
extremely  Steady  Stand,  and  very  convenient  motions 
for  facilitating  Obseiwations,  to  which  I principally 
attribute  Mr.  Aubert’s  partiality  to  it. 

High  Stands  for  Telescopes  for  Celestial  purposes 
should  have  a Drawer  attached  to  them,  to  contain 
the  mag-nifiers,  like  that  in  Dr.  HerscheTs  Stand  for 
his  7 feet  Newtonian  ; and  should  be  high  enough  for 
the  Eye  to  come  conveniently  under  them,  when  you 
are  seated  in  a common  chair,  when  the  Tube  is 
elevated  to  at  least  76  degrees. — See  p.  221. 

The  Object-end  of  Telescopes  should  be  shaded 
by  a Dew-cap,  or  Spray-shade — that  is,  a Brass 
or  a pasteboard  tube  projecting  beyond  the  Object- 
end  about  twice  the  diameter  thereof.  This  is  a con- 
venient auxiliary  to  defend  the  Telescope  from  Dew, 
and  also  for  observing  a Planet  or  Star  near  the 
Moon. 

Those  who  are  extremely  susceptible  of  Cold,  may 
defend  themselves,  while  observing  in  the  open  air,  by 
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a Great  Coat  lined  throughout  with  Fur,  and  Throw 
over  that  a Woollen  Cloak — and  put  on  over  their 
Shoes  a pair  of  the  thick  woollen  Stockings,  like 
those  worn  by  Fishermen,  called  Wodmull  Hose. 

The  best  defence  for  the  Head,  is  a couple  of  the 
common  double  Cotton  Stocking  Nightcaps;  their 
elasticity  allows  them  to  be  pulled  down  comfortably 
close  around  the  Ears  and  Neck  without  any  resisting 
pressure. 

For  the  Throat,  turn  up  the  Collar  of  Your  Great 
Coat,  and  tie  a Handkerchief  round  it. 

Over  all  wear  a Black-hood,  which  will  come  down 
over  your  Shoulders,  similar  to  that  recommended 
by  Sir  W.  H. — See  pp.  304,  5. 

This  Hood  is  not  only  a comfortable  Shield  against 
the  Chilling  night  air,  but  a convenient  skreen 
around  the  Eye,  for  preventing  the  intrusion  of  any 
rays  upon  the  retina  except  those  which  come  direct 
from  the  Telescope,  and  thus,  not  only  improves  the 
Vision  very  much,  but  renders  it  easier  to  the  Eye. 
Read  page  198. 

Those  who  have  not  Courage  or'  Constitution  to 
brave  the  inclemency  of  Midnight  Frosts  and  Damps, 
without  which,  actual  Astronomical  Observations 
cannot  be  made  in  the  Noble  Theatre  of  Nature,  I 
recommend  to  pay  a visit  to  the 

OUEANOLOGIA, 

in  which  is  shewn  the  most  beautiful  and  perfect 
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Orrery  ever  exhibited — it  is  one  of  the  most  Instruc- 
tive Exhibitions  that  Youth  can  be  taken  to. 

“ Stars  teach  as  well  as  shine.” 

“ An  Undevout  Astronomer  is  mad.” 

“ The  Heavens  are  telling  tlie  Glory  of  God,  and  the  Firma- 
ment sheweth  his  handy  work.” 

“ These  are  Thy  Glorious  Works, 

Parent  of  Good,  Almighty  !” 

“ A Deity  believ’d,  is  Joy  begun; 

A Deity  ador’d,  is  Joy  advanc’d ; 

A Deity  belov’d,  is  Joy  matur’d.” — Dr.  Young, 

This  Lecture  on  Astronomy  and  the  Phenomena  of 
the  Heavens  and  of  the  Earth,  which  has  been  writ- 
ten and  compiled  by  the  ingenious  Proprietor,  is 
annually  given,  during  Lent,  at  the  English 
Opera  House,  on  a Magnificent  Orrery  of  One 
Hundred  and  Thirty  Feet  in  circumference.  In  this 
immense  Machine,  the  Sun,  and  all  the  Planets,  and 
Satellites  revolving  round  him,  are  seen  in  motion, 
with  their  comparative  Diameters  and  Orbits.  The 
whole  of  the  complicated  machinery  was  also  in- 
vented by  Mr,  Arnold. 

Mr.  Bartley  well  deserves  the  fame  he  has 
acquired,  by  the  impressive  manner  in  which  he 
delivers  the  illustrations  of  these  sublime  subjects. 

Whenyoii  have  done  using  your  Telescope,  let  the 
Object-glass,  or  Object-metal,  be  taken  out  and  laid 
in  a dry  warm  room,  where  the  damp  air,  which  on 
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dewy  evenings  too  plentifully  condenses  on  it,  will 
speedily  be  evaporated. 

However  closely  the  lenses  constituting  the  Ob- 
ject-glass are  burnished  into  the  brass  Cell,  unless 
they  are  carefully  kept  dry,  the  damp  air  will  pene- 
trate between  the  Glasses,  and  produce  a sort  of 
Fog,  or  what  Opticians  call  a sweat,  — or  sometimes 
an  arborescent  vegetation,  like  sea-w'eed,  which  I 
have  seen  spread  all  over  the  Object-glass ; and,  for 
want  of  attention  to  the  above  Caution,  many  a fine 
Object-glass  has  been  destroyed  by  the  dampness  of 
the  Observatory. 

I am  informed  that  this  effect  of  Damp  happened 
very  often  to  the  Telegraph  Telescopes,  and  if  the 
Object-glasses  were  burnished  in,  the  remedy  was 
“ to  Roast  them”  as  they  termed  placing  them 
before  the  fire,  till  the  Damp  had  evaporated. 

For  Roasting  other  Things,  the  Optician’s  Oracle, 
cannot  choose  but  refer  the  Reader  to  “ The  Cook’s 
Oracle.” 

Unless  this  Vegetation  exists  in  an  extreme  degree, 
experience  has  proved  that  the  only  detriment  it  docs 
to  the  performance  of  the  Glass  is,  that  it  does  not 
transmit  quite  so  much  Light: — if  the  Instrument 
be  excellent,  it  is  more  advisable  to  put  up  with  an 
almost  imperceptible  diminution  of  its  brilliancy,  than 
run  the  risk  of  destroying  a fine  Telescope ; for  an 
Optician,  of  great  experience,  has  assured  me,  that 
so  little  Light  is  intercepted  by  this  vegetation,  that 
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if  it  was  wiped  off  while  you  were  looking  through 
the  Glass,  you  would  not  obseiwe  any  difference. 

Object-Glasses  cannot  he  separated  from  each  other, 
without  perhaps  irreparably  destroying  that  harmony 
from  which  the  Instrument  derives  its  superior  excel- 
lence, and  which,  once  disturbed,  can  seldom  be  re- 
stored— the  Acme  of  perfection  being  always  acci- 
dental. 

The  Metals  of  Reflectors  which  are  in  Mahogany 
Tubes  are  very  apt  to  become  tarnished — especially 
the  Small  metals ; these,  should  be  covered  with  a 
close  fitting  Brass  Cap  as  soon  as  done  with,  and  the 
Large  Speculum  also.  If  they  get  tarnished,  no- 
thing removes  it  better  than  a little  Citric  acid 
dissolved  in  a little  water,  rubbed  on  with  the  finger, 
and  then  dried  with  a bit  of  quite  new  and  clean 
Lamb’s-skin  leather. 

At  all  events,  suffer  no  one  to  touch  your  Tele- 
scope but  the  Oy'iginal  Maker. — See  the  Duke  de 
Chaulnes’s  experiment,  related  in  page  8,  and  the 
first  page  of  the  Obs.  on  Rigel,  in  Chapter  XX.  of 
this  work. 

Mem.  The  best  time  to  call  and  gossip  with  an 
Optician,  is  in  hazy  weather,  when  his  Galileoship 
: is  not  engaged  in  pleasing  or  teasing  his  Eye  with 
his  Machineries. 
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CHAPTER  XIX. 

SATURN. 

I 

THE  EING  OF  SATURN 

is  visible  in  an  18  Inch  Achromatic  Telescope,  with 
a power  of  40. — See  p.  33. 

THE  BELTS  OF  SATURN 

ai’e  not  to  be  seen  distinctly  in  an  Achromatic  Tele- 
scope of  less  than  2-/otl^s  inches  aperture  (see  p.  40), 
or  a Gregorian  Reflector  of  less  than  4 inches  aper- 
ture  (see  p.  118),  nor  with  a less  magnifying  power' 
than  80. 

The  variation  of  the  situation  of  the  Belts  of  Saturn 
is  much  greater  than  those  of  Jupiter.  Sometimes  . 
I have  seen  only  One  of  these  Zones,  sometimes  '- 
Tivo,—-l  never  saw  Five,  like  the  Quintuple  Belt, 
drawn  by  Sir  W.  H.  in  vol.  Ixxxiv.  of  the  Phil. 

Trans.  . 

The  Belts  on  the  Body  of  Saturn  are  more  easily 

discernible  than 

THE  DOUBLE  RING. 

In  extremely  fine  nights,  and  when  the  Planet  is- 
in  a faveurable  position  for  observation,  and  within . 
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two  hours  of  the  Meridian,  both  the  Belts  and  the 
Division  in  the  Ring  may  sometimes  be  perceived  in 
a fine  44  Inch  Achromatic,  with  an  aperture  of 
27g.ths  inches,  and  best  with  powers  of  100  or  130. 

On  the  24th  of  November,  1824,  at  10  at  night,  I 
saw  them  in  an  Achromatic  of  28  Inches  focus,  with 
a double  Object-glass  of  2/jjths  inches  aperture, 
with  a Single  convex  Eye-glass,  which  magnified 
115 — ^but  these  appearances  are  not  visible  in  a satis- 
factory manner  with  an  Achromatic  unless  it  has 
at  least  Oj^ths  aperture,  or  a Gregorian  Reflector 
of  51  inches  aperture. 

On  December  the  20th,  1824,  at  | past  9;  Saturn 
very  near  to  the  Meridian,  with  a Gregorian,  made 
by  Mr.  Watson,  of  4 inches  aperture,  and  12  inches 
focus,  magnifying  130,  I saw  the  Division  in  the 
Ring,  as  well  as  with  a 3^  feet  Achromatic  of  2/^ths 
inches  aperture. — See  page  297. 

The  phenomena  of  this  Planet  are  much  easier 
seen  with  the  5 Feet,  than  they  are  with  the  46  Inch 
Achromatic  Telescopes,  which  have  a Treble  Object- 
glass  of  3y§ths  diameter ; the  superiority  of  the 
vision  in  the  5 Feef,  is  not  to  be  attributed  solely  to 
that  Telescope  having  more  Light,  because  its  aper- 
ture is  ^yhs  of  an  inch  larger,  and  its  Object-glass  is 
Double  instead  of  Treble ; but  principally,  to  the 
great  original  power  of  the  Object-glass  from  its 
longer  focus. — See  pages  284  and  289. 

This  Planet  appears  brighter,  and  the  Division 
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between  its  Rings  blacker,  and  more  distinctly  with 
my  5 Feet,  with  160,  than  it  does  with  either  my 
Aubert  or  Beauclerc  46  inch  Telescopes,  with  130, 
or  when  they  have  any  other  power  applied  to  them. 

In  my  5 feet  Achromatic,  The  Belts  and  The  Divi- 
sion in  the  Ring,  are  easily  visible  with  100 — most 
pleasantly  seen  with  130  ; or,  when  the  Planet  is 
within  an  hour  or  two  of  the  Meridian,  with  160  or 
190  (Huygenian  Eye-pieces),  beyond  the  latter,  the 
Planet  loses  its  whiteness  and  brightness,  and  its 
features  become  less  distinct,  for  want  of  Illumi- 
nating power,  and  when  I increased  the  Magni- 
fying Power  of  this  Telescope  beyond  160,  except 
when  the  air  has  been  extremely  clear,  I have  felt  my 
Eye  immediately  regret  that  the  Illuminating  power 
of  the  Instrument  could  not  be  increased  in  like 
proportion. 

Most  of  my  Observations  were  made  on  the  North 
border  of  London,  and  the  Smoke,  &c.  thereof, 
might  form  a veil  against  vision,  and  the  Atmosphere 
be  an  obstacle  against  high  powers,  which  may  not 
be  in  so  great  a degree  in  the  Country. 

Those  who  wish  to  see  this  Planet  in  London,  are 
advised  that  they  will  not  discern  the  Division  in  the 
Rins  so  well  before— as  after  10  o’Clock. 

In  this  “ Elysium  of  Bricks  and  Mortar”  we  are 
so  surrounded  by  Groves  of  Chimneys,”  that  until 
the  majority  of  the  Great  Fires  of  the  Great  Manu- 
factories are  out-the  obfuscated  atmosphere  of  this 
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monstrous  Metropolis  defies  all  the  penetrating 
power  that  the  immortal  Herschel  himself  could 
brine'  against  it. 

Objects  which  require  all  the  powers  of  the  Eye 
to  be  fresh,  and  in  fine  condition,  should  not  be 
examined  when  it  is  tired  with  having  been  at  work 
all  Day. 

If  a Planet  comes  to  the  Meridian  at  Midnight, 
lie  down  in  a quiet  darkened  room,  and  rest  your 
Eye  by  getting  a nap.  Half  an  Hour’s  Horizontal 
Refreshment,  you  will  find  a very  renovating  prepara- 
tive for  such  Contemplation it  will  restore  the  tone 
of  your  Visual  Organs,  and  sharpen  your  sight  pro- 
digiously.— 

“ Experto  crede.” 

With  my  5 feet  Achromatic,  with  130,  the  Black 
Division  in  Saturn’s  Ring  (when  the  position  of  the 
Planet  permits  it)  is  constantly  visible ; but  with 
higher  powers  is  only  to  be  seen  in  the  fits  of  easy 
transmission,  and  appears  like  a Mouth  opening  and 
shutting : excepting  some  very  fine  clear  nights, 
when  the  air  is  still,  and  the  Planet  within  two 
hours  of  the  Meridian,  when  I have  seen  it  better 
with  160,  — sometimes,  when  it  has  been  very 
near  to  the  Meridian,  have  used  190  with  evident 
advantage ; but  have  never  thought  that  I saw 
better  with  a power  beyond  that.  — See  a particular 
account  of  the  application  of  Single  Concaves — Con- 
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vexes,  and  Huygenian  Eye-tubes,  to  this  Planet,  in  | 
page  60,  and  the  pages  following  that.  i 

The  proximity  of  a Planet  to  the  Meridwi  is  more  i 
important  with  a Small  Telescope  than  it  is  with  a ' 
Large  one.  The  same  Evening,  when  Saturn  has 
been  not  more  than  30  degrees  above  the  horizon, 
with  a magnifying  power  of  200  applied  to  my 
Reflector  of  9 inches  diameter,  I have  seen  the 
Division  in  the  Ring,  when  I could  not  perceive 
it  in  a Reflector  of  6 inches  in  Diameter. 

Since  Sir  Wm.  H.  gave  us  the  Prints  of  Saturn  in 
the  PhiL  Trans.,  some  Poor  Robin  Star-gazers  have 
been  sadly  dissatisfied  with  their  Glasses,  because  | 
they  would  not  shew  the  features  of  the  Planet  as 
large  and  as  plainly  as  they  appear  in  Sir  Wm.  H.’s 
Portraits  of  them,  not  considering  that  Sir  Wm.  tells 
us,  in  page  461  of  vol.  xcvi.  of  the  Phil.  Trans.,  , 
that  “ The  outlines,  and  ail  the  other  features  of  the 
Engravings,  of  Saturn,  are  far  more  distinct  than  we 
can  see  them  in  the  Telescope  at  one  view ; but  it  is 
the  very  intention  of  a copperplate,  to  collect  together 
all  that  has  been  successfully  discovered  by  repeated 
and  occasional  perfect  glimpses,  and  to  represent  it 
united  and  distinctly  to  our  inspection.  Indeed,  by 
looking  at  the  drawings  contained  in  books  of  Astro- 
nomy, this  will  be  found  to  be  the  case  with  them 
all.  For  an  instance  of  this,  see  ToniiE  Mayeri 
Opera  inedita.  Appendix  Observationura  ad  Tabu- 
lam  Selenographicam  Animadversiones,  where  the 


SATURN. 


343 


annexed  accurate  and  valuable  plate  represents  the 
Moon  such  as  it  never  can  be  seen  in  a Telescope. 

See  Phil.  Trans,  vol.  xcvi.  p.  461. 

You  must  not  expect  to  see  Saturn  so  distinctly 
as  it  is  depicted  in  these  Prints,  unless  You  have  an 
Instrument  as  powerful  and  as  perfect  as  that  with 
which  the  Drawing  was  made — that  is,  a Reflecting 
Telescope  of  at  least  G^^ths  inches  aperture. 

Moreover,  to  have  as  Good  a view  of  Saturn  as 
that  given  by  Sir  W.  H. — the  Planet  must  be  in  the 
same  Position — You  must  have  as  Good  an  Eye — as 
Good  a Telescope, — in  as  Good  Adjustment*, — in 
as  Good  Temper  ; — the  Stand  of  the  Telescope  must 
be  Good, — and  it  must  be  placed  on  Good  firm 
Ground  in  a Good  situation  in  a Good  clear  Evening. 

Sir  Wm.  H.’s  7 feet  Newtonian,  with  which  he 
informs  us  that  most  of  his  observations  on  Saturn 
were  made,  had  an  aperture  of  only  6.j?oths  inches, 
and  magnified  with  its  single  Convex  Lens  287  ; but 
with  the  fellow  Telescope  to  that,  which  I have, 
made  by  Sir  W.  H.  (see  page  141  on  the  7 Feet 
Newtonian),  I find  250  to  be  quite  the  maximum 
of  power  that  I wish  to  use  at  Saturn  ; — and  with 
that  power,  unless  the  observer  has  a very  different 
Eye  to  mine,  he  will  not  see  the  Planet  half  so  big 

* A very  useful  term  in  Optics,  which,  like  Ne9'vous  in  Physic, 
serves  to  account  for  all  kinds  of  unaccountable  derangements 
and  non-performances  in  Optical  machineries. 
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as  it  is  represented  in  Sir  Wm.  H.’s  portraits,  in  all  ) 
of  which  the  Body  of  the  Planet  is  l-/^ths  inches  in  ( 
diameter.  ! 

In  the  Drawing  in  the  Frontispiece,  which  was  made 
with  a Herschel  7 feet  Newtonian,  with  a Huygenian 
Eye-tube  of  213,  the  Body  of  Saturn  appears 
very  'little  more  than  ^^ths  of  an  inch  in  dia- 
meter : with  my  5 feet  Achromatic,  with  190,  it 
appears  rather  less,  nor  have  I met  with  any  Eye 
that,  with  these  Instruments  and  powers,  estimated 
it  larger  : — it  would  be  a deviation  from  that  strict 
Truth,  which  it  has  ever  been  my  earnest  endeavour 
exactly  to  observe,  to  portray  a Planet  larger  than  i 
it  appeared  in  my  Glass. 

Huygens,  in  his  Systema  Saturnium,”  Ato,  1659, 
p.  55,  has  given  us  a Portrait  of  Saturn,  in  which 
the  body  of  that  Planet  is  l3?oths  inches  in  diameter, 
and  from  one  extremity  of  the  Bing  to  the  other 
3-|^th  inches  ; this  was  made  with  a Refi  actor  of  23 
feet  focus,  which  Dr.  Long  (in  page  464  of  the  2d 
vol.  of  his  Essay  on  Astronomy,  4to,  1785,)  says, 
magnified  100  times  : — there  is  no  Belt  on  the  Body, 
nor  Division  in  the  Bing,  in  this  large  Portrait, 
which  is  in  the  same  position,  and  in  shape  and 
proportion  is  similar  to  Sir  Wm.  H.’s,  only  that 
it  is  a little  less,  and  there  is  no  Quintuple  Belt,  nor 
Division  in  the  Bing;  see  Sir  Wm.  H.’s  print  in  the 
Phil.  Traits,  for  1794 — which  was  made  with  his  7 
feet  Newtonian,  with  a Metal  of  6f\ths  inches  in 
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diameter,  and  a single  convex  Eye-glass  which  gave 
a magnifying  power  of  287 . < - 

Mr,  Hadley’s  Portrait  of  Saturn,  which  was 
taken  in  June  1720,  and  is  in  Dr.  Long’s  Astronomy, 
and  in  the  Trans,  is  the  first  print  which 

gives  us  any  thing  like  a real  resemblance  of 

THE  DIVISION  IN  THE  RING, 

which  in  this  print  is  represented  as  broad  as  the 
Outer  Rmg,  which  is  near  to  the  fact  : Dr.  Long 
says,  “ Upon  my  asking  Mr.  Hadley*  whether  the 


* Sir  I.  Newton’s  Telescope  having  lain  neglected  for  50  years, 
was  executed  by  Mr.  Hadley. — See  Phil.  Trans,  for  1723, 
vol.  xxxii.  pp.  303  and  382,  which  contains  a particular  account 
of  it;  as  does  also  Gregory’s  Optics,  by  Desagulier,  8vo,  1735, 
p.  244. 

“ The  large  Speculum  of  Mr.  Hadley’s  Telescope  was  6 inches 
aperture,  and  5 feet  2|ths  inches  focus,  and  half  an  inch  in  thick- 
ness. The  oval  plane  is  ^tth  or  -j^th  of  an  inch  in  thickness, 
soldered  on  the  back  to  another  of  brass  ; its  breadth  something 
less  than  half  an  inch,  and  is  in  proportion  to  its  breadtlr  as  1 to 
a/2:  had  three  single  Eye-glasses  magnifying  about  190,  208, 
and  230  times,  and  a Day  Eye-tube  125  times.” — In  vol.  xxxii.  of 
the  Phil.  Tram,  for  1723,  p.  384. 

“ It  is  no  small  convenience,  that  by  means  of  one  of  these 
reflecting  Telescopes,  whose  Length  exceeds  not  five  Feet,  (and 
which  may  be  managed  at  a Window  within  the  House,)  Celestial 
Objects  appear  as  much  magnified,  and  as  distinct,  as  they  do 
through  the  common  Telescope  of  more  than  100  Feet  in  Length. 

q2 
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Planet  appeared  aa  distinct  as  in  the  figure  en- 
graved? he  answered,  ‘ That  if  the  figure  were 


“ Mr.  Bradley,  tlie  Savilian  Professor  of  Astronomy,  and 
myself,  liave  compared  Mr.  Hadley’s  Telescope  (in  which  the 
focal  length  of  the  Object-metal  is  not  quite  5 feet  and  i,)  with 
the  Huygenian  Telescope,  the  focal  length  of  whose  Object-glass 
is  123  Feet:  and  we  find,  that  the  former  will  bear  such  a charge, 
as  to  make  it  magnify  the  Object  as  many.Times  as  the  latter  with 
its  due  charge;  and  that  it  represents  Objects  as  distinct,  though 
not  altogether  so  clear  and  bright;  which  may  be  occasioned 
partly  from  the  difference  of  their  apertures  (that  of  the  Huygenian 
being  someyvliat  the  larger),  and  partly  from  several  little  spots  in 
the  concave  Surface  of  the  Object-metal,  wdiich  did  not  admit  of  a 
good  polish. 

“ Notwithstanding  this  diiTerence  in  the  brightness  of  tlie 
Objects,  we  were  able,  with  this  reflecting  Telescope,  to  see  what- 
ever we  have  hitherto  discovered  by  the  Huygenian;  particularly 
the  Transits  of  Jupiter’s  Satellites  and  their  Shades,  over  tlie  disk 
of  Jupiter;  the  black  List  in  Saturn’s  Ring;  and  the  Edge  of  the 
Shade  of  Saturn  cast  on  the  Ring,  as  represented  by  Fig.  4, 
Plate  II.  of  the  fore-mentioned  Transact.  No.  376. 

‘‘  We  have  also  seen  with  it,  several  times,  the  5 Satellites  of ' 
Saturn ; in  viewing  of  which  this  Telescope  had  the  advantage  of 
ihe  Huygenian,  at  that  time  when  we  compared  them ; for  it  being 
in  Summer,  and  the  Huygenian  Telescope  being  managed  without 
a Tube,  the  twilight  prevented  us  from  seeing  in  tliis  some  of  tliose 
small  Objects,  which,  at  the  same  time,  we  could  discern  vvitli  the 
reflecting  Telescope. 

“ I am,  &c. 

“ Ja.  Pound.” 

“ In  observing  Saturn  tire  last  Spring,  at  a time  when  die  ■ 
Planet  was  about  15  days  past  the  Opposition,  he  saw  the  Shade  • 
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placed  at  thedistance  of  5 or  6 feet,  it  would,  to  Eyes 
of  the  common  sort,  give  a very  good  representa- 
tion of  what  his  Telescope  shewed  to  him.’” 

The  Division  in  Saturn’s  Ring 

most  of  the  drawings  represent  as  in  the  centre  of 
the  Ring,  and  as  dividing  it  into  two  equal  parts — 
SirWm.  H.,  in  his  drawing  with  the  Quintuple  Belt, 
makes  the  Inner  Ring  as  3 parts,  and  the  Outer  as 

of  tlie  Planet  cast  upon  the  Ring,  and  plainly  discerned  the  Ring 
to  be  distinguished  into  two  Farts  by  a dark  Line,  concentric  to  the 
circumference  of  the  Ring.  The  outer  or  upper  part  of  the  Ring 
seemed  to  be  narrower  than  the  lower  or  inner  part  next  the  Body, 
and  the  dark  Line,  which  separated  them,  was  stronger  next  the 
Body,  and  fainter  on  the  outer  part,  towards  the  upper  edge  of  the 
Ring.  Within  the  Ring  he  discerned  two  Belts,  one  of  which 
crossed  Saturn  close  to  its  inner  edge,  and  seemed  like  the  Shade 
of  the  Ring  upon  the  Body  of  Saturn ; but  when  he  considered 
the  situation  of  the  Sun,  in  respect  to  the  Ring  and  Saturn,  fie 
found  that  Belt  could  not  arise  from  such  a Cause. 

“ The  dark  Line  on  the  Ring  of  Saturn,  parallel  to  its  circum- 
ference, is  chiefly  visible  on  the  ansa,  or  extremities  of  the  Elliptic 
Figure,  in  which  the  Ring  appears ; but  he  has  several  times  been 
able  to  trace  it  very  near,  if  not  quite  round ; particularly  in  May, 
1722,  he  could  discern  it  witliout  the  Northern  Limb  of  Saturn, 
in  that  part  of  the  Ring  that  appeared  beyond  the  Globe  of  the 
Planet.” 

The  above  are  Mr.  Hadley’s  Observations  with  the  same  Tele- 
scope.— See  Phil.  Trans,  for  1723,  vol.  xxxii.  pp.  385 — 6. 

For  an  account  of  a Newtonian,  made  by  Mr.  Dollond  for 
Mr.  Dunn,  vol.  lii.  p.  188. — Mag.  220. 
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one,  of  the  whole  Ring  : and  the  Outer  Ring  about 
twice  as  broad  as  the  Division  between  it  and  the 
Inner  Ring. 

To  my  Eye  the  breadth  of  the  Outer  Ring  ap- 
pears to  be  about  one-fourth  more  than  the  Divi- 
sion between  it  and  the  Inner  Ring. 

The  breadth  of  the  whole  Ring  (including  the 
division  in  it)  is  to  the  space  between  the  Ring  and 
the  body  of  Saturn  as  about  5 to  4,  which  is  accord- 
ing to  Sir  W.  H.’s  calculation. — Seethe  Phil.  Trans. 
vol  xcvi.  p.  463. 

It  had  the  above  appearance  in  1825,  on  April  2, 
8 o’clock,  with  a 12  feet  Achromatic,  of  7 inches 
aperture,  made  by  Mr.  Tulley — with  150,  the 
7 Satellites  of  Saturn  were  easily  visible — not  so 
easily  with  200 — the  Planet  appeared  as  bright  as 
brilliantly  burnished  Silver,  and  I saw  the  Division 
in  the  Ring,  and  a Belt,  very  plainly  with  200. 

April  4,  I again  saw  the  two  extremely  faint 
points  of  Light  which  I,  on  the  2d,  conjectured 
were  the  6th  and  7th  Satellites  of  Saturn  — and 
have  now  no  doubt  that  they  are — as  their  relative 
•position  to  each  other,  and  to  the  Planet,  is 
considerably  changed  since  the  2d  ; with  150  they 
appeared  as  the  small  Star,  which  accompanies 
the  Pole  Star,  does  in  a fine  5 feet  Achromatic 
of  3^V^is  inches  aperture,  with  a power  of  100. — 
N.B.  I believe  that  is  the  only  observation  recording 
these  Satellites,  except  those  of  Sir  Wm.  H.’s.— See 
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an  Observation  on  the  Pole  Star  with  this  12  feet 
Achromatic,  under  the  Article  Po/e  Star,  in  the 
Chapter  on  Double  Stars. 

The  diameter  of  the  Body  of  Saturn  in  Mr.  Had- 
ley’s engraving  is  ^oths  of  an  inch,  which  corresponds 
veiy  nearly  with  the  size  which  I have  delineated  it, 

'•  A Vulgar  Error  prevails,  that  if  a Small  Tele- 
scope magnifies  as  milch,  you  can  see  as  well  with  it 
as  with  a Large  one — the  needful  proportion  of  Illu- 
minating power  by  which  Magnifying  power  must 
be  supported  to  be  effective,  has  never  been  fully 
explained  till  the  writer  of  this  work  wrote  the 
17th  Chapter  of  this  Book,  to  page  248  of  which 
he  refers  the  Header. 

In  composing  this  work,  I have  always  considered 
myself  as  addressing  a Novice,  who  has  had  very  little 
acquaintance  with  the  subjects  which  I am  endea- 
vouring to  elucidate;  — I therefore  must  observe, 
that  the  visibilitu  of  the  Division  in  the  Rin<^s  of 
Saturn,  depends  upon  the  position  of  that  Planet  ; 
I have  heard  persons  complain  of  their  Telescopes, 
when  the  only  reason  why  they  could  not  see  the 
Division  in  the  Rings,  was,  because,  from  its  peculiar 
position,  “ it  was  not  in  sight.” 

The  Singular  jigure  of  luhich  the  Body  of  Sa- 
turn was  observed  by  Sir  W,  H.  on  April  19, 
1805,  when  he  says,  that  “ the  Figure  of  Saturn  iJ 
somewhat  like  a parallelogram,  with  the  four  corners 
rounded  off  deeply,  but  not  so  much  as  to  bring  it 
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to  a Spheroid” — the  polar  diameter  was  32,  the  Equa- 
torial diameter  was  35,  as  portrayed  in  Sir  W.  H.’s 
print,  which  the  reader  will  find,  with  a description 
thereof,  in  the  455th  page  of  the  Phil.  Trans,  for 
1806, — is  very  like  the  appearance  which  the  Planet 
presented,  in  September  1818,  when  I made  a sketch 
of  it,  which  is  like  to  Sir  W.  H.’s;  only  that  in 
my  sketch  the  Body  of  the  Planet  is  about  I an 
inch  in  diameter,  which  was^ the  size  that  it  appeared 
to  my  Eye  with  the  Beauclerc  46  inch  Achromatic, 
which  has  a Treble  Object-glass  of  3^ths  inches 
aperture,  and  a Magnifying  power  of  130 — and  with 
a 10  feet  Achromatic,  with  an  aperture  of  4 inches, 
a power  of  120— and  that  in  Sir  W.  H.’s  portrait  the 
Body  of  the  Planet  is  ItV^s  inches  in  its  widest  dia- 
meter, and  that  I could  not  then  see  any  Division  in 
the  Rings — there  were  two  Belts  visible ; but  the  Ring 
was  in  that  position  when  the  Division  in  it  was 
not  visible  — at  least  not  in  the  Telescopes  which  I 
used. 

I have  occasionally  observed  this  Planet  for  nearly 
30  years,  and  I do  not  remember  to  have  seen  the 
Body  of  it  of  this  singular  form,  except  for  a few 
months  at  the  time  I have  mentioned. 

Sir  W.  H.  says,  in  page  458  of  the  Phil.  Tra)is. 
for  1796,  that  “ an  Observer  who  has  not  an  Instru- 
ment that  will  bear  a very  distinct  Magnifying  power 
of  500,  ought  not  to  expect  to  see  the  outlines  of 
Saturn  so  sharp  and  well-defined  as  to  have  a right 
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conception  of  its  figure.” — However,  in  September 
1818,  the  singular  figure  of  it  was  easily  seen,  even 
in  a 30  Inch  Achromatic,  of  only  2 Inches  Aperture, 
and  power  of  100. — The  outlines  of  the  Planet  do 
not  require  half  so  much  Illuminating  or  Magnify- 
ing Power,  as  I is  required  to  see  the  Belts,  and  the 
Division  in  the  Rings. 

I mention  these  particulars,  because  I have  met 
with  several  persons  whose  Candour  had  conquered 
their  Courtesy  so  completely,  that  they  said,  that 
this  extraordinary  portrait  of  Saturn  is  not  a proof  of 
the  goodness  of  Sir  W.  H.’s  Telescopes,  but  a proof 
that  they  represented  Objects  distorted. 

The  Body  of  Saturn  (according  to  my  recollection) 
appea7'ed  of  this  shape  only  for  a few  months; 
and  some  persons  who  had  not  been  continually 
observing  the  Planet,  and  who  were  not  aware  of 
the  humpty-dumpty  shape  which  it  had  assumed, 
when  they  saw  it,  a few  months  after,  when  it  had 
returned  to  its  usual  form,  doubted  the  correctness  of 
Sir  W.  H.’s  portrait. 

However,  the  Prints  of  Salw'n,  which  have  since 
that  time  been  given  in  the  Encyclopaedias  and  Ele- 
mentary works  on  Astronomy,  are,  I believe,  all 
taken  from  this  humpty-dumpty  portrait — that  being 
the  latest  likeness  drawn  by  Sir  W.  H.,  I suppose  it 
has  been  by  the  Editors  of  these  works  considered 
the  best. 

It  would  be  an  extremely  acceptable  acquisition  to 
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Astronomers  and  Opticians,  and  will  immortalise 
any  accurate  Observer,  who  wdl  be  so  industrious, 
to  give  a new  Edition  of  the  Figures  of  the 
Humble,  the  Honest,  and  the  Pains-taking  Huygens, 
on  a Scale  sufficiently  large  to  shew  the  appearance 
of  this  wonderful  Planet,  in  each  year  of  its  Revo- 
lution ; or,  as  it  appears,  in  each  of  the  Signs  of  the 
Zodiac — (see  following  page) : — this  would  teach 
those  who  are  curious  about  it,  when  they  might 
expect  to  see  the  Planet  in  its  various  positions  ; 
when  the  Division  in  the  Rings  appears  most  plainly— 
when  it  vanishes  to  a mere  bar  across  the  Planet 
and  when  it  appears  only  as  a Belt,  as  Sir  W.  H. 
has  represented  it  in  his  prints  in  the  Phil.  Trans. 

Sir.  Wm.’s  Print,  in  the  Phil.  Trans,  vol.  Ixxx. 
represents  the  ring  reduced  to  a bar  across  the  Planet, 
as  seen  by  him,  with  a Newtonian  of  5|  feet  focus, 

on  the  17th  March,  1774. 

Another  Drawing,  which  was  made  with  the  same 
Telescope,  on  the  3d  April,  1774,  shews  it  as  a mere 

Belt. 

In  the  same  vol.  at  page  20,  are  two  drawings, 
made  with  a 10  feet  Newtonian,  which  shew  the  Ring, 
when  open,  on  the  20th  June,  1778-and  on  the 
nth  May,  1780,  in  the  same  vol.  there  is  also  a 
diagram  of  the  7 Satellites  of  Saturn. 

In  vol.  Ixxxiv.  is  his  Account  of,  and  Print  of , the 
Quintuple  Belt,  as  it  appeared  in  a 7 feet  Newtonian, 
on  the  nth  Nov.  1793. 
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In  vol.  xcvi.  pp.  272  and  455,  are  his  Papers  “ on 
the  Singular  Figure  of  the  Planet  Saturn,”  and  Two 
Engravings  of  it. 

The  Print  of  this  Planet  in  the  Frontispiece  to 
this  work  was  made  in  March  1825,  as  it  appeared 
in  my  7 feet  Herschel  Newtonian,  with  an  aperture 
of  dy^^ths  inches,  and  power  of  213,  and  a 5 feet 
Achromatic,  of  3^ths  inches  aperture,  and  power 
190,  — the  body  appearing  a little  smaller  in  the 
Achromatic  than  in  the  Newtonian. 

“ In  Huygens’s  Systein  of  Saturn,  4to,  1659, 
p.  55,  is  a perspective  view  of  the  orbit  of  the 
Earth,  and  the  orbit  of  Saturn,  with  the  Sun  in  the 
centre  of  them  : at  a,  b,  c,  d,  &c.  is  exhibited  Saturn, 
with  his  Ring  continually  parallel  to  itself,  during  a 
30  years  revolution  through  his  orbit ; at  the  cor- 
responding capitals  A,  B,  C,  D,  &c.  afe  shewn  the 
various  forms  under  which  the  Ring  appears  to  us ; 
thus,  when  Saturn  is  in  the  ascending  node  of  the 
Ring  at  a,  he  appears  round,  as  at  A;  the  Ring 
being  then  not  visible  : at  b,  the  Ring  appears  as  at 
B ; at  c,  as  at  C,  8cc.  an  ellipsis  very  narrow  at  first, 
with  the  ends  of  it  sharp,  but  growing  continually 
wider,  till  Saturn  arrives  at  f a quarter  of  a circle 
from  the  ascending  node  of  the  Ring,  there  the 
ellipsis  appears  as  at  F,  the  widest  that  it  ever  can 
be  ; and  from  thence  grows  gradually  narrower,  and 
the  ends  of  it,  or  the  ansce,  appear  sharper  and 
sharper,  all  the  way  to  the  descending  node  of  the 
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Ring  at  i,  where  the  Ring  again  disappears,  and  we 
again  view  Saturn  round,  as  at  i:  from  thence,  during 
the  other  half  of  Saturn’s  period,  wc  see  the  Ring 
appear  as  an  ellipsis  wider  and  wider,  till  he  is 
gotten  90  degrees  from  the  descending  node,  v.here 
it  is  again  at  the  widest ; and  then  becomes  gradually 
narrower,  till  its  totally  disappearing  at  the  ascending 
node  at  a. 

“1135.  It  is  very  easy  to  see  by  the  figure,  that,  , 
while  Saturn  is  going  through  one-half  of  his  orbit 
from  a,  through  b,  c,  d,  &c.  to  i,,  the  Northern  or  | 
upper  side  of  the  Ring  is  illuminated  by  the  sun ; I 
but  in  going  through  the  other  half,  from  i through  | 
k,  I,  m,  Sec.  to  a,  the  Southern  or  lower  plane  of 
the  Ring  receives  his  light : it  is  evident,  also,  from 
the  figure,  that  when  the  Ring  is  in  either  of  its 
nodes,  the  rays  of  the  Sun  fall  upon  the  edge  thereof  j 
and,  when  near  the  nodes,  they  fall  upon  one  of  the 
planes  of  the  Ring  with  great  obliquity,  and  conse-  i 
quently  throw  very  little  light  thereon  ; and  that  the 
farther  the  Ring  is  from  its  nodes,  the  stronger  is  the 
light  upon  it : for  it  then  falls  upon  it  most  directly , 
and  therefore  Saturn  then  appears  brightest  to  the 
Eye,  unassisted  with  Glasses.” — Dr.  Long  s Astro^ 

nomy,  4to,  1785,  pp.  466  7. 

The  earliest  account  which  I have  met  with  of  an 
observation  of  the  Divisio7i  in  Saturn’s  Ring,  is  in 
the  Phil.  Trans,  for  1666,  by  Mr.  Win.  and  Dr. 
Ball,  oh  October  the  13th,  1665,  at  6 o’clock,  with  a 
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very  good  Telescope,  near  38  feet  long,  aiad  a double 
Eye-glass.  This  observation  lias  induced  the  sup- 
position, that  Saturn  is  surrounded  not  by  one 
circular  body  or  ring  only,  but  by  two” 

According  to  Huygens’  table  of  the  Focal  lengths 
and  apertures  of  Reflecting  Telescopes,  in  Dr. 
Smith’s  Optics — the  Aperture  of  an  Object-glass  of 
38  feet  focus  was  3^ths  inches,  and  magnifying 
power  116  times — a Telescope  so  long  and  so  large 
must  be  bad  indeed,  if  it  did  not  shew  the  division 
in  the  Ring  pretty  plainly. 

See  a portrait  of  Saturn,  made  with  a 60  feet 
Refractor,  by  Dr.  Hook,  in  vol.  i.  of  Phil.  Trans. 
p.  246. 

There  is  another  made  by  Huygens,  with  a 21 
feet,  in  the  4th  vol.  of  Transactions  for  1669,  p.  900 — 
(another  by  Mr.  Hook,  in  1670,  in  vol.  v.  p.  2083,) 
in  vol.  vi.  p.  3024,  and  by  Mr,  Flamstead,  p.  3034, 
with  a 14  feet  Telescope  of  Ig  inch  aperture. 

See  a description  and  a drawing  of  the  Division 
in  Saturn's  Ring,  as  seen  by  Cassini,  with  Refractors 
of  35  and  20  feet  focus,  in  Phil.  Trans,  for  1676, 
vol,  xi.  p,  690 — the  Refracting  Telescope  of  20  feet 
focus,  had  an  aperture  of  not  quite  2|  inches,  and 
power  of  90. 

“ In  the  bright  part  of  each  ansa,  was  a darkish 
ellipsis,  nearer  to  the  outside  than  to  the  inside  of 
the  Ring,  as  if  it  was  composed  of  two  rings,  near  to 
one  another.” 
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“ On  the  Body  of  Saturn,  besides  the  Ring  on  the 
South-side,  there  appeared  on  the  North-side,  a 
zone,  not  so  far  from  the  centre  of  the  Ring,  and 
not  much  unlike  the  smallest  of  Jupiter’s  Belts. 
These  appearances  were  first  taken  notice  of  by 
Mr.  Cassini,  in  Phil.  Trans.  No.  cxxviii.  p.  690 — 
Fig.  19. 

The  above  are  Mr.  Pound’s  Observations  with 
the  Huygenian  Aerial  Glass,  of  123  feet  focus,  and 
6 inches  aperture,  in  1713,  in  p.  773  of  vol.  xxx. 
of  the  Phil.  Trans,  in  which  there  is  a drawing  of 
Saturn. 

“ 1132.  In  the  year  1675,  after  Saturn  had 
emerged  from  the  sun’s  rays,  Sig.  Cassini  saw  him, 
in  the  morning  twilight,  with  a darkish  belt  upon  his 
globe,  parallel  to  the  long  axis  of  his  ring,  as  usual. 
But,  what  was  most  remarkable,  the  broadside  of  the 
ring  was  bisected  quite  round  by  a dark  elliptical 
line,  dividing  it,  as  it  were,  into  two  rings,  of  which 
th,e  inner  Ring  appeared  brighter  than  the  Outer  one, 
with  nearly  the  like  difference  in  brightness,  as  be- 
tween that  of  silver  polished  and  unpolished  ; which, 
though  never  observed  befoi'e,  was  seen  many  times 
after,  with  tubes  of  34  and  20  feet;  and,  more  evi- 
dently in  the  twilight  or  moonlight,  than  in  a darker 
sky.” — Dr.  Smith’s  Optics,  4to,  1738,  vol.  ii. 
p.  44o: 
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OF  THE  SATELLITES  OF  SATURN. 

Sir  'William  Herschel  observes,  that  the  visibility* 
of  these  minute  and  extremely  faint  objects,  depends 
more  on  the  Fenetrating  than  upon  the  Magnifying 
power  of  our  Telescopes  : and  that  “ with  a 10  feet 
Newtonian,  charged  with  a Magnifying  power  of 
only  60,  Sir  W.  H.  saw  all  the  5 old  Satellites;” 
(see  his  Obs.  on  the  19th  Dec.  1793 — Ih.  56m.  in 
the  Fhil.  Trans,  vol.  Ixxxiv.  p.  56,)  but  the  6th  and 
the  7th,  which  he  informs  us  were  discovered,  and 
were  easily  seen  with  his  40  feet  Telescope,  and 
were  visible  in  his  20  feet,  were  not  discernible  in 
the  7 or  the  10  feet,  though  all  that  Magnifying 
power  can  do,  may  be  done  as  well  with  the  7 feet  as 
with  any  larger  Instrument . 

“ August  the  28th,  1789.  Having  brought  the 
40  feet  Telescope  to  the  parallel  of  Saturn,  I dis- 
covered a Qth  satellite  of  that  planet ; and  also  saw 
the  spots  upon  Saturn  better  than  I had  ever  seen 
them  before,  so  that  I may  date  the  finishing  of  the 
40  feet  Telescope  from  that  time.”— Sir  Wm.  H.’a 
Paper,  in  vol,  Ixxxv.  of  the  Phil.  Ti  'ans. 

Speaking  of  the  7th  Satellite  of  Saturn,  Dr.  H. 
says,  “ Even  in  my  40  feet  Reflector  it  appears  no 
bigger  than  a very  small  lucid  point.  I see  it,  howr 


* See  my  Obs.  of  them,  in  p.  348,  with  a power  of  150. 
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ever,  also  very  well  in  the  20  feet  Reflector ; to  which 
the  exquisite  figure  of  the  Speculum  not  a little  con- 
tributes.”— SeePhil. Trans,  vol.lxxx.p.  12,of  Dr.H.’s 
account  of  the  Discovery  of  a 6th  and  7th  Satellite 
of  the  Planet  Saturn,  and  the  construction  of  its 
Ring. 

See  on  the  Satellites  of  the  Planet  Saturn,  and  the 
Rotation  of  its  Ring  on  an  Axis,  by  Dr.  Her- 
sCHEL. — Phil.  Trans,  for  1790,  vol.  Ixxx.  p.  427. 

With  this  paper  “ is  given  a scheme,  wherein  the 
orbits  of  the  Satellites  of  Saturn  are  drawn  in  their 
due  proportions.  A few  words  will  explain  the  con- 
struction and  use  of  this  figure,  which,  notwithstand- 
ing its  simplicity,  is  yet  amply  sufficient  to  ascer- 
tain the  accuracy  of  every  observation.”  p.  429. 

This  interesting  paper  occupies  68  pages. 

Several  observers  have  assured  me,  that  they  have 
seen  all  the  5 old  Satellites  in  a 6 feet  Achromatic, 
with  an  Aperture  of  3^%ths  inches,  and  a power 
of  60. 

Mr.  Butt,  of  Bath,  informed  me,  that  he  saw 
them  in  his  3|  feet  Achromatic,  which  has  an 
Aperture  of  2yV^is  inches,  by  placing  a patch  be- 
fore that  part  of  the  field  of  the  Telescope  where 
Saturn  appeared,  and  thereby  enabling  the  Pupil  of 
the  Eye  to  expand  and  adjust  itself  for  discerning 
the  fainter  objects  of  the  Satellites. 

The  minute  Stars  which  accompany  some  Large 
Stars — for  instance  the  very  faint  star  near  » Lyra 
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is  visible  when  the  large  Star  is  out  of  the  field,  with 
a Telescope  with  which  it  is  not  discernible,  while 
the  brilliance  of  the  large  Star  is  stimulating  and 
shutting  up  the  Pupil. 

There  is  an  account  of  the  discovery  of  Two 
Satellites  by  Cassini,  in  vol.  vii.  p.  5178,  of  the 
Phil.  Trans,  with  a 17  feet  Refractor,  made  by 
Campani ; and  of  Two  others,  in  March  1684,  by 
Cassini. — See  Phil.  Trans,  for  1686,  vol.  xvi.  pp.  79 
and  83. 

“ The  Satellites  of  Saturn  were  first  of  all  seen  in 
March,  Anno  1684,  by  two  excellent  Object-glassos 
of  100  and  YZQfeet ; and  afterwards  by  two  others, 
of  90  and  10  feet,  all  made  by  Sig.  Campani,  and 
sent  from  Rome  to  the  Royal  Observatory  at  Paris, 
by  the  King’s  order,  after  the  discovery  of  the  third 
and  fifth  Satellites,  which  had  been  made  by  others 
of  his  Glasses  of  47  and  04:  feet.  We  made  use  of 
them  without  Tubes,  by  a more  simple  contrivance 
than  those  projposed  either  before  or  since.  We 
have  since  seen  all  these  Satellites  witli  that  of 
04  feet,  with  an  aperture  of  3^?^ths  inches,  and  con- 
tinued to  observe  them  with  these  Glasses  of  Mr. 
Borelli,  of  40  and  10  feet,  and  by  those  which  Mr. 
Artouquel  hath  lately  made,  of  80,  155,  and  220 
feet.  It  was  easy  for  us  to  see  these  two  Satellites 
by  these  different  sorts  of  Glasses,  after  having  found 
the  Rules  of  their  Motion,  whereby  we  might,  with 
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more  particular  attention,  look  upon  the  places  where 
they  ought  to  be.” — See  Fhil.  Trans,  for  1686, 

p.  83.  I 

Dr.  Derham,  in  the  Preface  to  his  Astro-Theology, 
says,  “ I remember  that  I once  verily  thought  I had 
found  out  7 Satellites  of  Saturn,  with  this  veiy  glass 
of  Mr.  Huygens,  so  regularly  were  they  placed  in  ; 
respect  of  Saturn.  But  when  I came  to  examine  ! 
them  the  following  nights,  I found  that  there  were  i 
really  no  more  than  two  Satellites,  the  rest  being 
small  fixed  stars.  But  Mr.  Pound’s  skill  and  exact- 
ness in  such  observations  is,  I know,  so  great,  (and 
I may  add,  that  of  my  sagacious  friend.  Dr.  Halley, 
too,  who,  I hear,  hath  seen  the  same,)  that  I do  not  ' 
say  this  by  way  of  caution  to  them,  although  it  may 
serve  as  such  to  many  others. 

SIK  WILLIAM  HEKSCHEl’s  OBSERVATIONS  ON 
SATURN. 

These  are  dispersed'  through  many  Volumes  of 
the  Philosophical  Transactions,  and  I thought  that 
to  bring  together  the  more  remarkable  passages  into 
one  view,  would  be  an  act  of  industry,  which  the 
Reader  would  thank  me  for.— They  are  copied  m. 
Sir  Wm.’s  own  words,  and  references  attached  to 

the  Vol.  where  they  are  to  be  found. 

I have  not  arranged  them  in  chronological  order—  ■ 
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but  in  that  which  the  concatenation  of  the  subjects 
treated  of  suggested. 

“ There  is  not,  perhaps,  another  object  in  the 
heavens  that  presents  us  with  such  a variety  of 
extraordinary  phenomena  as  the  planet  Saturn : a 
magnificent  globe,  encompassed  by  a stupendous 
double  ring : attended  by  seven  satellites : orna- 
mented with  equatorial  belts  : compressed  at  the 
poles  : turning  upon  its  axis  ; mutually  eclipsing  its 
ring  and  satelhtes,  and  eclipsed  by  them  ; the  most 
distant  of  the  rings  also  turning  upon  its  axis,  and 
the  same  taking  place  with  the  farthest  of  the  satel- 
lites : all  the  parts  of  the  system  of  Saturn  occa- 
sionally reflecting  light  on  each  other : the  rings 
and  moons  illuminating  the  nights  of  the  Saturnian, 
the  globe  and  satellites  enlightening  the  dark  parts 
of  the  rings  : and  the  planet  and  rings  throwing 
back  the  sun’s  beams  upon  the  moon’s,  when  they 
are  deprived  of  them  at  the  time  of  their  conjunc- 
tions. 

“It  must  be  confessed,  that  a detail  of  circum- 
stances like  these  appears  to  leave  hardly  any  room 
for  addition ; and  yet  the  following  observations  will 
prove  that  there  is  a singularity  left,  which  dis- 
tinguishes the  figure  of  Saturn  from  that  of  all  the 
Dther  planets.” 

“ April  12th,  1805.  With  a new  7 feet  mirror  of 
L'xtraordinary  distinctness,  I examined  the  planet 
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Saturn.  The  Ring  reflects  more  light  than  the 
Body:  and  with  a power  of  570,  the  colour  of  the 
body  becomes  yellowish,  while  that  of  the  ring  re- 
mains more  white.  This  gives  us  an  opportunity  to 
distinguish  the  ring  from  the  body,  in  that  part 
where  it  crosses  the  disk,  by  means  of  the  difference 
in  the  colour  of  the  reflected  light.” 

“ The  Light  of  the  Ring  of  Saturn  is  generally 
brighter  than  that  of  the  Planet. 

“ March  11th,  1780.  I tried  the  power  of  222, 
332,  449,  successively,  and  found  the  light  of  Saturn 
less  intense  than  that  of  the  Ring  ; the  colour  of  the 
Body,  with  the  high  powers  turning  to  a kind  of 
yellow  white,  that  of  the  Ring  still  remained  white.”— 
Dr.  H.  m Phil.  Trans,  vol.  Ixxx.  p.  5. 

“ ON  THE  DOUBLE  RING  OF  SATURN. 

t 

“ The  planet  Saturn  has  two  concentric  rings,  of 
unequal  dimensions  and  breadth,  situated  in  one 
plane,  which  is  probably  not  much  inclined  to  the 
equator  of  the  planet.  These  rings  are  at  a con- 
siderable distance  from  each  other,  the  smallest  being 
much  less  in  diameter  at  the  outside  than  the  largest 

is  at  the  inside. 

“ The  dimensions  of  the  two  rings,  and  the  inter- 
mediate space,  are  nearly  in  the  following  proportion 

to  each  other  : 
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“ Inside  diameter  of  the  smallest  ring. . 5900  parts. 


Outside  diameter 7510 

Outside  diameter  of  the  largest  ring. . 7740 

Outside  diameter 8300 

Breadth  of  the  inner  ring 805 

Breadth  of  the  outer  ring 280 

Breadth  of  the  vacant  space 115 


“ Admitting,  with  M.  de  La  Lande,  that  the 
breadth  of  the  whole  ring,  as  formerly  supposed  to 
consist  of  one  entire  mass,  is  near  one-third  of  the 
diameter  of  Saturn,  it  follows  that  the  vacant  space 
between  the  two  rings,  according  to  the  above  state- 
ment, amounts  to  near  2513  miles.” — Dr.  Herschel, 
in  Phih  Trans,  vol.  Ixxxii.  pp.  4 and  5. 

In  the  Phil.  Trans.,  vol.  Ixxxii.  at  pp.  3 and  4, 
we  have  : — 

“ October  24,  1791.  7 feet  Reflector,  with  anew 
Machine-folished  most  excellent  Speculum,  I see 
that  the  Division  in  the  Ring  of  Saturn,  and  the 
open  space  between  the  Ring  and  the  Body,  are 
equally  dark,  and  of  the  same  colour  with  the  heavens 
about  the  Planet. 

20  feet  Reflector,  with  a power  of  600,  I can 
trace  the  Division  very  nearly  as  far  as  the  place 
where  a perpendicular  to  the  direction  of  the  Ring 
would  divide  the  open  space  lietween  the  Planet  and 
the  Ring,  into  Two  equal  parts.” 
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“ The  Outer  Ring  is  less  bright  than  the  Inner* 
Ring.  The  Inner  Ring  is  very  bright  close  to  the 
dividing  space ; and  at  about  half  its  breadth,  it 
begins  to  change  colour,  gradually  growing  fainter, 
and  just  upon  the  inner  edge,  it  is  almost  of  the 
colour  of  the  dark  part  of  the  quintuple  belt.”  p.  53. 

QUINTUPLE  BELT. 

“ Nov.  11,  1793,  3h.  35m.  7 feet  Reflector, 

power  287. 

Close  to  the  Ring  of  Saturn,  where  it  passes 
across  the  body  of  the  planet,  is  the  shadow  of  the 
Ring ; very  narrow,  and  black. 

“ Immediately  south  of  the  shadow  is  a bright, 
uniform,  and  broad  belt. 

“ Close  to  this  bright  belt  is  a broad  darker  belt, — 
which  is  divided  by  two  narrow  white  streaks  ; so 
that  by  this  means  it  becomes  five  belts  ; namely, 
three  dark  and  two  bright  ones ; the  colour  of  the 
dark  belt  is  yellowish.” — Seethe  above,  and  a Plate 
of  the  Quintuple  Belt,  by  Dr.  Herschel,  in  Phtl. 
Trans,  vol.  Ixxxiv.  p.  28. 

* I differ  with  Dr.  II.  respecting  the  Magnifying  power 
necessary  to  shew  the  shape  of  Saturn.— I saw  this  Sept.  13th, 
1818,  with  my  Beauclerc  46  Inch— with  1 30  — perfectly  well, 
and  made  a drawing  of  it,  in  which  the  shape  of  the  body  of  the 
Planet,  with  his  belts,  is  very  like  to  that  of  Dr.  H.’s  plate,  which 
accompanies  his  Paper,  in  the  Phil.  Trans,  vol.  xcvi.  p.  455.- 
See  page  350  of  this  work. 
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“ OBSERVATIONS  ON  THE  BELTS  OF  SATURN. 

“ In  the  course  of  these  observations,  I made 
10  new  Object-specula,  and  14  small  plain  ones, 
for  my  7 feet  Reflector  ; having  already  found, 
that  with  this  instrument  I had  /ig/il  sufficient  to  see 
the  belts  of  Saturn  completely  toell;  and  that  here, 
the  maximum  of  distinctness  might  be  much  easier 
obtained,  than  where  large  apertures  are  concerned. 

“ I found  that  the  strong  light  of  the  20  feet 
REFLECTOR  was  too  great  a fatigue  foi’ the  eye,  which 
cannot  bear  to  look  at  a very  luminous  object  for  a 
long  time  together.  For  this  reason,  I chiefly  used 
the  7 feet  Reflector ; and  in  future,  all  the  observa- 
tions not  expressly  marked  otherwise,  are  to  be  un- 
derstood as  having  been  made  with  that  instrument ; 
bearing  an  Eye-glass  of  .j^^^ths  of  an  inch  focal  length. 
My  Object-specula  are  generally  from  84  to  88  inches 
in  focus,  and  therefore  give  a power  from  280  to, 
293.  The  favourite  one  gave  287.  I had  another 
reason  for  chiefly  confining  myself  to  one  instrument 
and  one  power,  which  was,  that  every  circumstance 
being  as  much  as  possible  the  same,  a change  in  the 
object  I viewed  might  be  the  sooner  perceived.” — 
Dr.  H.  in  Phil.  Trans,  vol.  Ixxxiv.  p.  51. 

“ ON  THE  SINGULAR  FIGURE  OF  THE  PLANET 
SATURN. 

“ The  use  of  various  Magnifying  powers  in  ob- 
serving minute  objects,  is  not  generally  understood. 


366 


SATURN. 


A low  power,  such  as  200  or  160*,  with  which  1 
have  seen  the  figure  of  Saturn,  is  not  sufficient  to 
shew  it  to  one  who  has  not  already  seen  it  perfectly 
well  with  an  adequate  high  power ; an  observer, 
therefore,  who  has  not  an  instrument  that  will  bear 
a very  distinct  Magnifying  power  of  500f,  ought  not 
to  expect  to  see  the  outlines  of  Saturn  so  sharp  and 
well  defined,  as  to  have  a right  conception  of  its 
figure.” — Phil.  Trans,  vol.  xcvi.  p.  272. 


JUPITER. 

“ The  strongest  and  most  remarkable 

BELTS  OF  JUPITER 

may  be  easily  seen  in  an  18  Inch  Achromatic,  or 
a 1 foot  Reflector,  with  a Magnifying  power 
of  40. — See  pp.  33,  58,  and  116. 

* This  does  not  correspond  witli  the  3d  paragraph  in  p.  279, 
of  vol.  xcvi.  of  the  Phil.  Trans,  in  Dr.  II.’s  preceding  paper,  on 
the  Singular  figure  of  the  Planet  Saturn.  “ With  200  I saw  the 
difference  very  plainly,  and  even  with  160,  it  was  sufficiently 
visible  to  admit  of  no  doubt.  These  low  powers  shew  the  figure 
of  the  planets  perfectly  well.” — See  my  Obs.  with  a 30  Inch 
Achromatic  in  p.  351  of  this  work ; and  the  note  at  foot  of  p.  364. 

f .Is  there  a Telescope  in 'the  Universe  tliat  will  bear  a Magni- 
fying Power  of  500  for  Planetary  Observations,  so  distinctly  as 
one  of  250  ? “ The  Cook’s  Oracle”  declares  NO  . 
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“ The  principal  belts  in  Jupiter  are  equatorial,  and 
as  we  have  certain  constant  winds  upon  one  planet, 
especially  near  the  equator,  that  regularly  for  certain 
periods  blow  the  same  way,  (see  Acta  Eruditorum, 
1687,  Dr.  Halley’s  Account  of  the  Periodical 
Winds,)  it  is  easily  supposed  that  they  may  form 
equatorial  belts,  by  gathering  together  the  vapours 
which  swim  in  our  atmosphere,  and  carrying  them 
about  in  the  same  direction.  This  will,  by  analogy, 
account  for  all  the  irregularities  of  Jupiter’s  revolu- 
tions, deduced  from  spots  on  his  disk,  that  may  have 
changed  their  situation.” — Dr.  Herschel’s  Obs.  on 
Jupiter,  1778,  in  the  Phil.  Trans. — and  see  the  Rev. 
F.  Wollaston’s  Paper  on  Jupiter,  9 Portraits 
of  that  Planet,  in  vol.  Ixiii.  of  the  Phil.  Trans,  p.  75. 

THE  MOONS  OF  JUPITER 

are  easily  visible  in  a 1 foot  Achromatic  Spy-glass, 
with  the  ordinary  Day  Eye-tube,  which  magnifies 
about  16  times — they  may  be  seen  with  half  that 
Magnifying  Power,  indeed  I have  heard  of  people 
who  pretended  that  they  could  see  them  with  their 
naked  Eye — but  I believe  that  they  were  mistaken. 

The  Moons  appear  larger,  and  with  a defined 
disk  like  Planets,  in  proportion  as  we  see  them 
through  a large  and  perfect  Telescope. 

See  in  vol.  Ixxxvii.  of  the  Phil.  Trans,  page  332, 
Dr.  H erschel’s  Observations  of  the  changeable 
Brightness  of  the  Satellites  of  Jupiter,  and  of  the 
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variation  in  their  apparent  Magnitudes ; with  a de- 
termination of  the  time  of  their  rotatory  Motion,  on 
their  Axis.  To  which  is  added,  a Measure  of  the 
Diameter  of  the  Second  Satellite,  and  an  estimate  of 
the  comparative  size  of  all  Four." 


CHAPTER  XX. 


SIR  WM.  HERSCHEL’s  DISCOVERIES  OF  DOUBLE 
STARS,  AND  OF  THE  TELESCOPES,  AND  POWERS 
PROPER  FOR  OBSERVING  OF  THEM. 

Most  of  the  modern  discoveries  in  Astronomy  have 
been  made  by  Sir  William  Herschel  : — these 
have  not  arisen  so  much  from  the  extraordinary 
Magnitude,  as  from  the  extraordinary  Perfection  of 
his  Optical  Instruments*,  and  from  his  inconiparahle 
Skill  and  his  indefatigable  Perseverance  as  an  Ob- 
server. 

Astronomers  and  Opticians  are  greatly  in- 
debted to  Sir  Wm.  for  the  time  and  labour  that  he 
devoted  in  making  experiments  to  ascertain  the 
powers  of  Reflecting  Telescopes,  which  it  is  pre- 
sumed, that  the  happy  combination  of  Perseverance 

“ It  is  a Vulgar  Error,  that  die  discoveries  of  Dr.  Herschel 
have  been  occasioned  by  the  enormous  Magnifpng  power  of  his 
Telescopes ; the  fact  is,  that  no  such  large  power  is  necessary  or 
useful;  and  that  all  Dr.  Herschel’s  discoveries  have  been  made  with 
Reflectors  of  from  7 to  20  feet,  and  with  powers  of  from  60  to  300. 
His  discoveries  are  to  be  attributed  to  his  laudable  perseverance, 
and  not  to  the  size  of  his  great  Telescope.-’  — British  Crit. 
Charac.  for  1798 — 8vo.  p.  365. 
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and  Skill  of  which  Sir  Wm.  had  so  large  a share — 
enabled  him  to  carry  to  the  “ ne  plus  ultra,”  both 
in  perfection  and  magnitude,  having  built  a Stupen- 
dous Telescope  of  the  length  of  40  Feet — with  an 
aperture  of  A feet.  Of  the  performance  of  this  enor- 
mous Engine  I cannot  speak,  never  having  seen 
through  it : however,  for  his  perseverance  in  con- 
structing such  a Gigantic  Optical  Instrument,  his 
name  must  be  ever  remembered  with  admiration  and 
gratitude,  by  every  Optician  and  Astronomer. 

Here  let  me  pay  the  just  tribute  of  well-deserved 
praise  to  the  unparalleled  perseverance  this  inge- 
nious Astronomer  has  manifested  in  composing  his 
Catalogue  of  Double  Staes,  which  must’  for 
ever  remain  an  indelible  memorial  of  the  determined 
ardour  with  which  he  so  successfully  pursued  his 
favourite  Study. 

Dr.  Herschel,  in  p.  249  of  vol.  Ixxiii.  of  Phil. 
Trans,  informs  us,  that  his  “ First  Review  of  the  Stars 
was  made  with  a Newtonian  Telescope  of  not  quite 
7 feet  focus,  and  with  an  aperture  of  only  4J  inches, 
charged  vvith  a power  of  222.  It  extended  to  Stars 
of  the  1st,  2d,  3d,  and  4th  magnitudes.” 

“Of  my  Second  Revieiv,  I have  already  given 
some  account  in  the  Phil.  Trans,  vols.  Ixxi.,  Ixxii., 
Ixxiii.  This  was  made  with  a Telescope  of  similar 
construction,  but  much  superior  to  the  former,  with 
an  Object-metal  of  85,  2 inches  focus,  and  61  inches 
diameter,  and  magnifying  227  times.  It  extended 
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to  all  the  Stars  in  Harris’s  Maps,  and  the  telescopic 
ones  near  them,  as  far  as  the  8th  magnitude.  The 
Catalogue  oj  Double  Stars,  which  I have  had  the 
honour  of  submitting  to  the  Royal  Society,  and  the 
discovery  of  the  Georgium  Sidus,  were  the  result  of 
that  review.” 

“ My  Thh-d  Review  was  made  with  the  same 
Instrument  and  aperture,  excepting  the  eye-glass-, 
which  was  changed  for  one  which  gave  the  Tele- 
scope a very  distinct  magnifying  power  of  460.” 
This,  the  Doctor  says,  was  much  superior  to  that  of 
227,  in  detecting  excessively  small  stars,  and  those 
which  are  very  near  to  large  ones.  He  informs  us, 
that  he  “ had  18  higher  magnifiers,  which  gave  him 
a gradual  variety  of  magnifying  powers  from  460  to 
fiOOO,  in  order  to  pursue  particular  objects  to  the  full 
extent  of  my  Telescope,  whenever  a favourable  inters 
val  of  remarkably  fine  weather  presented  me  with  a 
proper  opportunity  for  making  use  of  them.” 

“ This  review  extended  to  all  the  stars  in  Flam- 
stead’s  Catalogue,  together  with  every  small  star 
about  them,  as  far  as  the  tenth,  eleventh,  or  twelfth 
magnitudes,  and  occasionally  much  farther,  to  the 
amount  of  a great  many  thousands  of  stars.  To 
shew  the  practicability  of  what  I have  here  advanced^ 
it  may  be  proper  to  mention,  that  the  convenient 
apparatus  of  my  telescope  is  such,  that  I have  many 
a night,  in  the  course  of  eleven  or  twelve  hours  of 
observation,  carefully  and  singly  examined  not  less 
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than  400  celestial  objects,  besides  taking  measures  ^ 
of  angles  and  positions  of  some  of  them  with  proper  i 
Micrometers,  and  sometimes  viewing  a particular 
Star  for  half  an  hour  together,  with  all  the  various 
powers  of  ray  Telescope.” 

“ The  particulars  I attended  to  in  this  last  review 
were  : 1 . The  existence  of  the  Star  itself,  such  as  it 
is  given  in  the  British  Catalogue. 

“ 2.  To  observe  well  whether  it  was  double  or 
single,  well-defined  or  hazy. 

“3.  To  view  and  mark  down  its  particular  colour, 
whenever  the  altitude  and  situation  of  the  Star  would 
permit  it  to  be  done  with  certainty, 

“ 4.  To  examine  all  the  small  stars  in  the  neigh- 
bourhood, as  far  at  least  as  the  twelfth  magnitude, 
and  note  the  same  particulars  concerning  them, 
except  the  colours,  which  would  have  taken  up  too 
much  time  in  committing  to  paper,  and  be  of  no 
material  use.” — Dr,  Herschel’s  Paper  in  the  Phil. 
Trans,  vol.  Ixxxiii.  p.  250. 

As  Mathematician — Optician  — Mechanist — and 
Observer  combined,  — Dr.  H.,  excepting  his  prede- 
cessor, Huygens,  stands  alone  in  the  annals  of  Op- 
tical and  Astronomical  Science  — indeed,  such  Tools 
as  he  worked  with  could  only  be  made  by  the  man 
who  used  them,  and  only  be  used  by  the  man  who 
made  them. 

The  following  is  an  Account  of  some  of  liis  labours 
in  Telescope-making,  in  his  own  words. 
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“ When  I resided  at  Bath,  I had  long  been  ac- 
quainted with  the  theory  of  Optics  and  Mechanics, 
and  wanted  only  that  Experience  which  is  so  neces- 
sary in  the  practical  part  of  these  Sciences.  This  I 
acquired  by  degrees  at  that  place,  where,  in  my 
leisure  hours,  by  way  of  amusement,  I made  for  myself 
several  2 feet,  5 feet,  7 feet,  10  feet,  and  .20  feet, 
Newtonian  telescopes;  besides  others  of  the  Gre- 
gorian form,  of  8 inches,  12  inches,  18  inches, 
2 feet,  3 feet,  5 feet,  and  10  feet  focal  length.  My 
way  of  doing  these  instruments  at  that  time,  when  the 
direct  method  of  giving  the  figure  of  any  of  the  conic 
sections  to  specula  was  still  unknown  to  me,  was,  to 
have  many  mirrors  of  each  sort  cast,  and  to  finish 
them  all  as  well  as  I could ; then  to  select,  by  trial, 
the  best  of  them,  which  I preserved ; the  rest  were 
put  by  to  be  repolished.  In  this  manner  I made 
not  less  than  200,  7 feet; — 150,  10  feet ; — and  about 
80,  20  feet  mirrors : not  to  mention  those  of  the 
Gregorian  form,  or  of  the  construction  of  Dr. 
Smith’s  refliecting  microscope,  of  which  I also  made 
a great  number. 

“ My  mechanical  amusements  went  hand  in  hand 
with  the  optical  ones.  The  number  of  stands  I in- 
vented for  these  telescopes  it  would  not  be  easy  to 
assign.  I contrived  and  delineated  them  of  different 
forms,  and  executed  the  most  promising  of  the 
designs.  To  these  labours  we  owe  my  7 feet  New- 
tonian Telescope  Stand,  which  was  brought  to 
its  present  convenient  construction  about  17  years 
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ago.”  — From  Dr.  Herschel’s  Paper  in  the  Phil. 
Trans,  for  1795,  vol.  Ixxxv.  pp.  347 — 8. 

“ In  the  year  1783,  I finished  a very  good  20  feet 
reflector,  with  a large  aperture,  and  mounted  it  upon 
the  plan  of  my  present  telescope.” 

Dr.  H.’s  Small  20  feet,  I believe,  had  a 12  inch 
speculum  — his  Large  20  feet,  one  of  18^  inches  in 
diameter.— W.  K. 

SIR  WM.  herschel’s  CATALOGUES  OF  DOUBLE 

STARS 

have  opened  a new,  an  interesting,  and  extensive 
i source  of  research  and  contemplation  for  Astro- 
nomei’s,  and  may  probably  lead  to  the  discovery  of 
the  motion  of  our  System  through  infinite  space. 

Those  who  wish  to  examine  these  Stars,  will  find 
them  more  readily  by  the  use  of  Cary's  twelve  or 
twenty-one  inch  celestial  Globe,  (on  which  is  laid 
down  the  whole  of  the  Double  Stars,  Clusters  of 
stars,  Nebulas,  8cc.  contained  in  the  Astronomical 
Catalogues  of  the  Rev.  Mr.  Wollaston,  compiled 
from  the  authorities  of  Flamstead,  De  la  Caille,  Heve- 
lius,  Mayer,  Bradley,  Herschel,  and  Maskelyne,) 
than  by  the  aid  of  any  Astronomical  Atlas,  &c.  or 
other  helps  of  that  sort.  These  are  sold  at  Mr. 
Cary’s,  Optician,  near  Norfolk  Street,  Strand. 

Many  of  these  beautiful  and  minute  objects  are 
visible  in  Telescopes,  which  are  convenient  to  use 
and  easy  to  obtain;  a ridiculous  Vulgar  Brror  has 
somehow  or  other  obtained,  that  they  can  only  by 
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discovered  with  unwieldy  Instruments  of  immense 
magnitude,  and  expense— which,  instead  of  acting 
as  a stimulus  to  Astronomical  pursuits,  has  had  a 
very  contrary  effect,  and  operated  as  a sedative  to 
further  inquiry. 

Observations  of  the  apparent  Distances  and  Po- 
sitions of  380  Double  and  Triple  Stars,  by  J.  F. 
W.  Herschel,  Esq.,  M.  A.  F.R.S.,  &c.,  and 
James  South,  &c.  F.R.S.,  &c.,  in  the  Phil. 
Trans,  for  1825,  made  with  a 5 feet  and  a 1 feet 
Pquatoriul. 

“ The  excellent  Object-glass  for  the  Five  Feet  Te- 
lescope is  3 1 inches  aperture,  was  made  by  the  late 
P.  and  J.  Dollond.  The  power  ordinarily  em- 
ployed is  133;  besides  which,  powers  of  68,  116‘, 
240,  303,  and  381,  were  occasionally  used,  being- 
double  eye-pieces  ; and  in  some  few  cases  a single 
lens,  with  a power  of  378,  was  employed  for  the 
purpose  of  minute  scrutiny.  The  extent  of  the  field' 
with  these  powers  (in  their  order,  beginning  with  the 
lowest,  68',)  was  respectively  34',  31',  20',  19'  13', 
11',  and  — p.  11.  ; 

“ Object-glass  of  the  Seven  Feet  Equatorial, 
is  the  work  of  Mr.  Tulley,  and  may  perhaps  be 
regarded  at  present  as  the  chef-d’oeuvre  of  that  erni- 
jient  artist.  It  is  five  inches  in  clear  aperture,  and 
in  distinctness,  under  high  Magnifying  powers,  is 
probably  excelled  by  no  refractor  existing.  Proof  of 
this  will  be  found  in  the  separation  and  measure- 
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raent  of  the  most  minute  double  stars,  such  as  <r  and 
>}  Cororuz  Borealis,  in  its  sharp  definition  of  the 
double  ring  of  Saturn,  and  various  others  of  the 
most  delicate  celestial  objects.” 

“ Under  favourable  circumstances,  with  a power  of 
600,  the  disks  of  the  two  stars  of  Coronce,  and  of 
e Coronce;  of  Bootis,  and  ^ Orionis,  are  shewn 
perfectly  round,  and  as  sharply  defined  as  pos- 
sible.”—p.  12. 

In  No.  26  of  the  Journal  of  Science,  of  the  Royal 
Institution,  8vo.  1822 — in  page  386,  the  reader  will 
find  some  Astronomical  Observations,  and  24  Dia- 
grams of  Double  Stars,  laid  down  from  Obseiwations 
made  by  Mr.  J.  South,  F.R.S.,  with  an  Achromatic 
Object-glass,  made  by  Mr.  Tulley,  of  3|  inches 
aperture,  having  Three  Convex  Surfaces,  and  45 
inches  focal  length,  of  which  Mr.  S.  says — 

“ An  Object-glass,  3|  inches  in  diameter,  and  of 
45  inches  focal  length,  having  been  made  for  me  by 
Tulley,  from  formulee  given  by  Mr.  Herschel, 
in  a paper  published  in  the  Phil.  Trans,  for  1821,  it 
became  a matter  of  much  interest  to  ascertain  what 
merit  it  might  possess  ; and  for  this  purpose  it  was 
directed  to  some  of  those  Double  Stars,  in  which 
proximity  or  faintness  renders  one  of  them  difficult 
to  be  seen,  and  the  accompanying  diagrams,  Plate  V. 
are  faithful  representations  of  the  results;  what, 
therefore,  Mr.  Herschel’s  theory*  told  him  would  be 
good,  Mr.  Tulley’s  prflcfice  has  declared  so.  The 
* See  note  at  the  foot  of  page  203. 
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magnifying  power  employed  upon  the  stars  was 
about  300.” 

SIR  WM.  HERSCHEL’S 

OBSERVATIONS  ON  DOUBLE  STARS,  COLLECTED 
AND  ABRIDGED  FROM  THE  VARIOUS  VOLUMES 
OF  THE  PHIL.  TRANS.;  COMPRISING  ALL  HIS 
PRACTICAL  REMARKS  ON  THOSE  OBJECTS, 
WHICH  ARE  UNDERSTANDABLE  BY  PERSONS 
WHO  HAVE  NOT  MADE  OPTICS  AND  ASTRONOMY 
THEIR  PARTICULAR  STUDY. 

By  the  method  adopted — taking  the  entire  passages 
in  the  very  words  of  the  Author,  any  possible  danger 
of  Misrepresenting  the  genuine  sense  of  his  text  is 
entirely  avoided  ; which  would  have  been  extremely 
difficult  in  the  common  mode  of  Abridgment,  and 
much  interesting  information  is  now  brought  into 
one  view,  which  heretofore  could  only  be  found  dis- 
persed through  many  expensive  Volumes — which,  it 
is  hoped,  will  be  as  acceptable  to  the  Reader,  as  the 
similar  abridgment  I have  given  of  Sir  Wm.  H.’s 
Observations  on  Saturn. — W.  K. 

The  First*  Catalogue  of  Double  Stars.  By  Mr.  lier- 
schel,  F.R.S.  from  p.  112  of  vo\.  Ixxii.  of  Phil. 
Trans. 

Introductory  Remarks. — The  following  catalogue 

* Of  this  Catalogue,  Dr.  H.  observes,  “ The  above  catalogue 
contains  269  double  stars,  227  of  which,  to  my  preseait  knowledge, 
have  not  been  noticed  by  any  person.” 
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contains  not  only  double  stars,  but  also  those  that 
are  treble,  double-double,  quadruple,  double-treble,  ' 
and  multiple.  The  particulars  I have  given  of  them  i 
are  comprehended  under  the  following  general  heads ; ^ 

1 . The  names  of  the  stars  and  number  in  Flamstead’s 
catalogue ; or,  if  not  contained  there,  such  a descrip- 
tion of  their  situation  as  will  be  found  sufficient  to 
point  them  out,  2.  The  comparative  size  of  the 
stars.  On  this  occasion  I have  used  the  terms 
equal,  a little  unequal,  pretty  unequal,  considerably 
unequal,  very  unequal,  extremely  unequal,  and  ex- 
cessively unequal,  as  expressing  the  different  grada- 
tions to  which  I have  endeavoured  to  affix  always 
the  same  meaning.  3.  The  colours  of  the  stars  as 
they  appeared  to  me  when  I viewed  them.  Here  I 
must  remark,  that  different  eyes  may  perhaps  differ  a 
little  in  their  estimations.  I have,  for  instance, 
found,  that  the  little  star  which  is  near  a Herculis,  by 
some  to  whom  I have  shewed  it  has  been  called 
green,  and  by  others  blue.  Nor  will  this  appear  ex- 
traordinary when  we  recollect,  that  there  are  blues 
and  greens  which  are  very  often,  particularly  by  I 
candle-light,  mistaken  for  each  other.  The  situa- 
tion will  also  affect  the  colour  a little,  making  a 
white  star  appear  pale  red,  when  the  altitude  is  not 
sufficient  to  clear  it  of  the  vapours.  It  is  difficult  to 
find  a criterion  of  the  colours  of  stars,  though  I 
might  in  general  observe,  that  Aldebaran  appears 
red,  Lyra  white,  and  so  on;  but  when  I call  the 
stars  garnet,  red,  pale  red,  pale  rose-colour,  white 
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inclining  to  red,  white  inclining  to  blue,  bluish  white, 
blue,  greenish,  green,  dusky,  I wish  rather  to  refer 
to  the  double  stars  themselves,  to  explain  what  is 
meant  by  those  terms. 

4.  The  distances  of  the  stars  are  given  several 
different  ways.  I'hose  that  are  estimated  by  the' 
diameter  can  hardly  be  liable  to  an  error  of  so  much 
as  one  quarter  of  a second;  but  here  must  be  re- 
membered, what  I have  before  remarked  on  the 
comparative  appearance  of  the  diameter  of  stars  in 
different  instruments.  Those  that  are  measured  by’ 
the  micrometer,  I fear,  may  be  liable  to  an  error  of 
almost  a whole  second  ; and  if  not  measured  with 
the  utmost  care,  to  near  2".  This  is,  however,  to  be 
understood  only  of  single  measures ; for  the  distance 
of  many  of  them  that  have  been  measured  very 
often  in  the  course  of  2 years’  observations,  can 
hardly  differ  so  much  as  half  a second  from  truth, 
when  a proper  mean  of  all  the  measures  is  taken. 
As  I always  make  the  wires  of  my  micrometer  out-' 
ward  tangents  to  the  apparent  diameter  of  the  stars, 
all  the  measures  must  be  understood  to  include  both 
their  diameters;  so  that  we  are  to  deduct  the  2 
semi-diameters  of  the  stars,  if  we  would  have  the  dis- 
tance of  their  centres.  What  I have  said  concerns 
only  the  wire  micrometers,  for  my  last  new  micro- 
meter is  of  such  a construction,  that  it  immediately 
gives  the  distance  of  the  centres ; and  its  measures, 
as  far  as  in  a few  months  I have  been  able  to  findi 


380 


DDUBI.E  STARS. 


out,  may  be  relied  on  to  about  of  a second,  | 
wheij  a mean  of  three  observations  is  taken.  When  | 
I have  9;dded  inaccurate,  we  may  suspect  an- error  of 
3 or  4".  Exactly  estimated  may  be  taken  to  be  true 
to  about  -|th  part  of  the  whole  distance ; but  only 
estimated,  or  about,  &c.  is  in  some  respect  quite 
undetermined  ; for  it  is  hardly  to  be  conceived  how 
little  we  are  able  to  judge  of  distances,  when,  by 
constaiitly  changing  the  powers  of  the  instrument, 
we  are  as  it  were  left  without  any  guide  at  all.  I 
should  not  forget  to  add,  that  the  measure  of  stars, 
when  one  is  extremely  small,  must  claim  a greater 
indulgence  than  the  rest,  on  account  of  the  difficulty 
of  seeing  the  wires  when  the  field  of  view  cannot  be 
sufficiently  enlightened. 

5.  The  angle  of  position  of  the  stars  I have  only 
given  with  regard  to  the  parallel  of  declination,  to  be 
reduced  to  that  with  the  ecliptic  as  occasion  may 
require.  The  measures  always  suppose  the  large 
star  to  be  the  standard,  and  the  situation  of  the 
small  one  is  described  accordingly.  Thus,  in  Fig.  12, 

AB  represents  the  apparent  diurnal  motion  of  a star 
in  the  direction  of  the  parallel  of  declination  a b ; 
and  the  small  star  is  said  to  be  south  preceding  at 
mn,  north  preceding  at  op,  south  following  at  qr, 
and  north  following  at  st.  The  measure  of  these 
angles,  I beUeve,  may  be  relied  on  to  2°,  or  at  most 
3°,  except  when  mentioned  inaccurate,  wdiere  an 
error  amounting  to  5°  may  possibly  take  place.  In 
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jnany  estimations  of  the  angle  without  any  wires  at 
all,  an  error  may  amount  to  at  least  10°,  when  the 
Stars  are  near  to  each  other. 

6.  The  dates,  when  I first  perceived  the  stars  to 
be  double-treble,  &c.  are  marked  in  the  margin  of 
each  star.  To  shorten  the  work  as  much  as  possible, 
I have  put  l.  for  the  Large,  s.  for  the  small  star ; 
w.  for  white ; r.  for  red;  n.  for  dusky;  n.  for  north; 
s.  for  south. 

Introductory  Remarks  to  Dr.  HerscheVs  Second 

Catalogue  of 434  more  Double  Stag's,  Phil.  Trans. 

vol.  Ixxv.  p.  40, 

“ The  observer  should  be  furnished  with  Flam- 
stead’s  Atlas  Ccelestis,  which  must  have  the  stars 
marked  from  the  author’s  catalogue,  by  a number 
easily  added  to  every  star  with  pen  and  ink,  as  I 
have  done  to  mine.  The  catalogue  should  also  be 
numbered  by  an  additional  column,  after  that  which 
contains  the  magnitudes. 

“ I hope,  in  some  future  editions  of  the  Atlas,'  to 
see  this  method  adopted  in  print,  as  the  advantage 
of  it  is  very  considerable,  both  in  referring  to  the 
catalogue  for  the  place  of  a star  laid  down  in  the 
Atlas,  and  in  finding  a star  in  the  latter,  whose 
place  is  given  in  the  former. 

I would  recommend  a precaution  to  those  who 
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wish  to  examine  the  closest  of  my  double*  stars. 

It  relates  to  the  adjustment  of  the  focus.  Supposing 
the  telescope  and  the  observer  long  enough  out  in 
the  open  air  to  have  acquired  a settled  temperature, 
and  the  night  sufficiently  clear  for  the  purpose  ; let 
the  focus  of  the  instrument  be  re-adjusted  with  the  | 
utmost  delicacy  upon  a star  known  to  be  single,  of  I 
nearly  the  same  altitude,  magnitude,  and  colour,  as  j 
the  star  which  is  to  be  examined,  or  upon  one  star 
above,  and  another  below,  the  same.  Let  the  phe- 
nomena of  the  adjusting  star  be  well  attended  to; 
as,  whether  it  be  perfectly  round  and  well-defined, 
or  affected  with  little  appendages  that  frequently 
keep  playing  about  the  image  of  the  star,  under- 
going small  alterations  while  it  passes  through  the 
field,  at  other  times  remaining  fixed  to  it  during  the 
whole  passage. 

“ Such  deceptions  may  be  detected  by  turning,  or 
unscrewing,  the  Object-glass  or  speculum  a little  in 
its  cell,  when  these  appendages  will  be  observed  to 
revolve  the  same  way. 

“ Being  thus  acquainted  with  the  imperfections  as  ■ 
well  as  perfections  of  the  instrument,  and  going 
immediately  from  the  adjusting  star,  which  for  that 
reason  also  should  be  as  near  as  may  be  to  the 
double  star  which  is  to  be  examined,  we  may  hope 
to  be  successful. 

“ The  astronomical  Mr.  Aubert,  who  did  me  the 
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honour  to  follow  this  method  with  y Leonis,  which  he 
did  not  find  to  be  double  when  the  telescope  was  ad- 
justed by  7 itself,  soon  perceived  the  small  star,  after 
he  had  adjusted  it  upon  Regulus. 

“ The  instrument,  being  one  of  Mr.  Dollond’s 
best  3|  feet  Achromatics*,  shewed  Mr.  Aubert  the 


* Tliere  is  no  difficulty  in  accounting  for  Mr.  Aubert's  three 
and  a half  feet  Achromatic  shewing  the  two  stai's  of  y Leonis  in 
close  conjunction,  or  rather  one  partly  hid  behind  the  other ; for 
be  it  remembered,  until  Dr.  Herschel  published  his  Catalogues  of 
Double  Stars,  Astronomers  confined  their  observations  to  the 
Moon  and  the  Planets ; and  Telescopes  were  not  finished  and  ad- 
justed with  that  nicety  that  they  must  be  for  defining  Double  Stars 
neatly — which,  if  any  old  Telescope  shews  well,  it  is  entirely  from 
its  accidental  perfection. 

Tire  Telescope  here  alluded  to  was  the  46  Inch  Achromatic,  with 
a triple  Object-glass  of  S^^ths  diameter,  which  was  the  favourite 
Working  Telescope  of  Mr.  Aubert;  I was  surprised  at  this  ac- 
count of  its  non-performance,  and  had  the  curiosity  to  purchase 
this  instrument  of  Mr.  Hodgson,  (who  bought  it  at  Mr.  Aubert's 
sale,)  in  order  to  ascertain  what  its  powers  really  were — as  Mr.  A. 
had  Four  Telescopes  of  this  size,  and  this  was  his  favourite,  and 
produced  on  all  occasions  as  the  Champion  of  Achromatics, 
I thought  that  either  Mr.  A.  or  Dr.  H.  must  be  strangely  deceived 
in  their  opinion  of  it. 

Tlie  following  is  my  observation  with  this  Instrument  on  March 
the  10th,  1823:  “ With  162,  that  y Leonis  was  a Double  Star, 
was  evident  to  myself,  and  to  a person  not  much  accustomed  to 
use  a Telescope,  who,  without  any  hint  from  me,  said,  ‘ Is  not  it  a 
Double  Star?’  ” 

Conceiving  the  Object-glass  might  have  got  out  of  Adjustment, 
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two  stars  y Leonis  in  very  close  conjunction,  or  \ 
rather  one  partly  hid  behind  the  other, 

“ On  comparing  these  appearances  with  my  ob- 
servations of  that  double  star,  we  must  not  be  sur- 
prised to  find  that  I place  them  at  a visible  distance 
from  each  other : for  the  Newtonian  Reflectors,  on 
the  plan  of  my  7 feet  one,  as  I have  found,  will  give 
a much  smaller  image  of  the  stars  than  the  3|  feet  i 
Achromatic  refractors ; wherefore,  the  two  stars, 
which,  in  refractors,  as  it  were,  run  into  each  other, 
will  in  the  reflector  remain  separate. 

" For  this  reason  also,  those  who  only  use  such  i 
refractors  must  not  be  disappointed  if  they  cannot 
perceive  the  26,  30,  31,  36,  41,  44,  46,  47,  60,  75,  i 
82,  86,  and  87  stars  of  my  first  class  to  be  double.  i 
“ All  the  observations  in  the  following  catalogue,  | 
on  the  relative  magnitude,  colour,  and  position  of 
the  stars,  are  to  be  understood  as  having  been  made 
with  a 7 feet  Newtonian,  of  fi-j^ths  inches  aperture, 
with  a power  of  460,  unless  they  are  marked  other- 
wise. This  will  account  for  the  diflerence  which 
observers  may  find  in  the  relative  magnitude;  for 
should  they  use  only  a power  of  about  200,  many  of 
the  small  stars  that  are  said  to  be  very  unequal, 

I sent  it  to  Mr.  Dollond,  wlio  re-adjusted  it;  and  I have  spoken 
of  its  performance  in  my  Observations  on  Double  Stars 
It  is  right  to  remark,  that  the  Two  Stars  of  y Leonis  are  consider- 
ably more  separate  now,  than  they  were  when  Sir  W.  H.  made 
hte  above  observations. 
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must  appear  to  them  perhaps  a degree  lower  in  the 
scale,  and  become  extremely  and  excessively  un- 
equal ; and  this  will  happen,  though  the  quantity  of 
light  should  be  the  very  same  which  the  Reflector 
has  that  served  me  to  settle  these  particulars.  I 
need  not  say,  that  on  other  accounts,  such  as  a real 
difference  in  the  light  of  the  telescope,  the  presence 
of  the  moon,  twilights,  aurora  borealis,  or  other 
causes,  many  of  the  small  stars  may  be  found  to  be  of 
a different  comparative  lustre  from  what  is  assigned 
to  them  in  the  catalogue. 

“ The  small  star  near  Rigel,  for  instance,  appears 
of  a beautiful  pale  red  colour,  full,  round,  and  well 
defined,  with  my  20  feet  Reflector  ; the  10  feet  in- 
strument shews  it  also  very  well  in  fine  evenings ; 
the  7 feet  requires  more  attention,  nor  is  the  small 
star  defined,  but  of  a dusky  pale  red  colour.  A 
good  3g  feet  Achromatic  of  a large  aperture,  when 
Rigel  is  on  the  meridian,  may,  perhaps,  also  shew 
the  small  star,  although  I have  not  been  able  to  see 
it  with  a very  good  instrument  of  that  sort,  which 
shews  the  small  star  that  accompanies  the  Pole  Star; 
but  the  evening  was  not  very  favourable. 

“ The  measures  of  the  distances  were  all  taken 
with  a parallel  silk-worm’s  thread  micrometer,  and  a 
power  of  227  only.  They  are  not,  as  in  the  former 
catalogue,  with  the  diameters  included,  but  from  the 
centre  of  one  star  to  the  centre  of  the  other.”— See 
Phil.  Irans.  for  1785,  vol.  Ixxv.  p.  46. 
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“ As  soon  as  I was  fully  satisfied,  that  in  the  in-  \ 
vestigation  of  Parallax,  the  method  of  Double  ,| 
Stars  would  have  many  advantages  above  any  j 
other,  it  became  necessary  to  look  out  for  proper  i 
Stars.  This  introduced  a new  series  of  observations.  . 
I resolved  to  examine  every  star  in  the  Heavens  with  i 
the  utmost  attention,  and  a very  high  power,  that  I 
might  collect  such  materials  for  this  research  as  i 
would  enable  me  to  fix  my  observations  on  those  that  i 
would  best  answer  my  end  ; and  I cannot  help  inviting  | 
every  lover  of  Astronomy  to  join  with  me  in  Observa-  ■ 
tions  that  must  inevitably  lead  to  new  discoveries. 

Chuse  stars  that  may  be  viewed  sufficiently  high 
to  be  clear  of  the  vapours  that  swim  near  the  horizon,  i 
when  consequently  we  can  employ  the  greatest 
powers  our  instruments  are  capable  of.  From  expe- 
rience I can  also  affirm,  that  the  stars  will  bear  a i 
much  higher  degree  of  magnifying  than  other  ce- 
lestial objects.  Too  much  has  hitherto  been  taken 
for  granted  in  optics  : every  natural  philosopher  is  i 
ready  enough  to  allow  the  necessity  of  making  expe- 
riments, and  tracing  out  the  steps  of  Nature  ; why 
this  method  should  not  be  more  pursued  in  the  art  i 
of  seeing  does  not  appear.  Theories  are  only  to  be  i 
used  when  proper  data  are  assigned ; but  the  data  i 
are  carefully  to  be  re-examined,  when  new  improve-  i 
ments  may  widely  alter  the  result  of  former  experi- 
ments. Thus,  we  are  told,  that  we  can  gain  nothing 
by  magnifying  too  much . I grant  it  j but  shall  ne^  cr 
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believe  I magnify  too  much,  till  by  experience  I find, 
that  I can  see  better  with  a lower  power.  Nor  is 
even  that  sufficient : a lower  power  may  shew  more 
of  the  object;  it  may  shew  it  brighter,  nay,  even 
distincter,  and  therefore  on  the  whole  better ; and 
yet  the  greater  power  may,  in  a particular  case,  be 
preferable  : for  if  the  object  is  so  small  as  not  to  be 
at  all  visible  with  the  lower  power,  and  I can,  by 
magnifying  more,  obtain  a view  of  it,  though  neither 
so  bright  nor  distinct  as  I could  wish,  is  it  not 
evident,  that  here  this  power  is  preferable  to  the 
former  ? 

“ The  naturalist  does  not  think  himself  obliged  to 
account  for  all  the  phenomena  he  may  observe ; the 
astronomer  and  optician  may  claim  the  same  pri- 
vilege. When  we  increase  the  power,  we  lessen  the 
light  in  the  inverse  ratio  of  the  square  of  the  power ; 
and  telescopes  will,  in  general,  discover  more  small 
stars,  the  more  light  they  collect;  yet  with  a power 
of  227  I cannot  see  the  small  star,  near  the  star  fol- 
lowing 0 Aquilm,  when,  by  the  same  Telescope,  it 
appears  veiy  plainly  with  the  power  of  460  : now,  in 
the  latter  case,  the  power  being  more  than  double, 
the  light  is  less  than  the  fourth  part  of  the  former. 
In  such  particular  cases  I generally  susppct  my  own 
eyes,  and  have  recourse  to  those  of  my  friends.  I 
had  the  pleasure  of  shewing  this  star  to  Dr.  Wat- 
son, junior,  who  soon  discovered  the  small  star,  which 
accompanies  the  other,  with  the  power  of  460  ; but 
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saw  nothing  of  it  with  227,  though  the  place  where 
to  look  for  it  had  been  pointed  out  to  him  by  the 
higher  power*.  The  experiment  has  been  too  often 
repeated  to  be  doubtful,  and  has  also  been  confirmed 
by  others  of  nearly  the  same  nature : for  instance, 
the  smallest  of  the  two  that  accompany  the  star  near 
k Aquilse,  the  small  star  near  /*  Herculis,  and  the 
small  star  near  « Lyrse,  are  invisible  with  my  power 
of  227,  but  visible  with  the  same  aperture  when  the 
power  is  460.  (See  the  Obs.  on  Double  Stars,  in 
the  preceding  work.)  Also  the  small  stars  near 
Flamstead’s  24th  of  Aquila,  the  smaller  of  2 near 
ff  Coronee,  the  small  star  near  the  star  south  of 
£ Aquilse,  the  small  star  near  the  second  o Persei, 
the  small  star  near  the  star  which  accompanies 


* The  Small  Star,  near  the  Pole  Star,  is  easily  ^asible  in  my 
5 feet  Achromatic,  with  from  44  to  1300— and  as  well  with  100 
as  with  any  power. — W.  K. 

See  Pole  Star,  Double. 

See  an  Account  of  some  Obsenations  made  to  ascertain, 
whether  M.4Gnifying  Power,  or  Aperture,  contributes  most 
to  the  discerning  of  Small  Stars  in  the  Day,  by  the  Rev.  II. 
Usher,  D.D.  p.  37  of  vol.  ii.  of  the  Transactions  of  the  Royal 

Irish  Academy. 

“ Small  Stars  were  more  easily  visible  in  tlie  6 feet  Achro- 
matic, with  an  Aperture  of  4t|Uis,  with  a power  of  600,  than 
with  200.” 

I cannot  see  the  Small  Star,  near  « Lyrse,  in  my  5 feet  Achro- 
matic, with  250— but  it  is  easily  visible  with  350  and  450.— 
W.  K. 
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Flamstead’s  10th  sub  pede  et  scapula  dextra  Tauri, 
the  small  star  near  /3  Delphini,  and  the  small  star 
near  the  Pole  Star,  are  all  much  bi’ighter  and 
stronger,  and  therefore  much  sooner  seen  with  460 . 
than  with  227, 

“ Great  power  may  also,  in  particular  circum- 
stances, be  favourable,  even  with  an  excess  of  aber- 
ration. When  two  stars  are  so  close  together  as  to 
make  the  scale  for  measuring  the  distance  of  their 
centres  too  small,  if,  by  magnifying  much,  we  can 
enlarge  that  distance,  we  may  gain  a considerable 
advantage,  provided  the  centres,  or  apparent  bodies 
of  the  stars,  remain  distinct  enough  for  the  purpose 
of  these  measures.  The  appearance  of  a Lyroe,  in  my  7 
feet  Newtonian  Reflector,  with  a power  of 460,' is  repre- 
sented in  fig.  1 ; with  2010,  in  fig.  2 ; with  3168,  in 
fig.  3 ; and  with  6450,  in  fig.  4.  (See  p.  400.)  Now,  in 
all  these  figures,  we  see  that  the  centres  are  still  dis- 
tinct enough  to  measure  their  distances  with  sufficient 
truth  ; ot,  if  any  little  error  should  be  introduced  by 
the  magnitude  of  the  central  point,  it  will  be  more 
than  sufficiently  balanced  by  the  largeness  of  the 
scale.  In  this  manner,  with  a power  of  3168,  I have 
obtained  a scale  of  no  less  than  10  ® ths  inches  for 
the  distance  of  the  centres  of  the  two  stars  of  « Ge- 
minorum ; and  as  we  know  these  centres  to  be  but  a 
few  seconds  distant,  it  is  plain  how  great  an  advan- 
tage we  gain  by  such  an  enlarged  scale.  ' 

" These  experiments  have  but  very  lately  pointed 
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out  to  me  a method  of  making  a new  micrometer, 
on  a construction  entirely  different  from  any  that  are  j 
now  in  use,  which  I have  been  successful  enouc^h  to 

O 

put  in  practice,  and  by  which  I have  already  begun  I 
to  determine  the  distance  of  the  centres  of  some  of 
the  most  remarkable  double  stars  to  a very  great 
degree  of  accuracy. 

“ The  powers  that  may  be  used  on  various  double 
stars  are  different,  according  to  their  relative  magni- 
tudes : £ Bootis,  for  instance,  will  not  bear  the  same 
power  as  a Geminorum,  nor  would  it  be  difficult  to 
assign  a reason  for  it;  but  as  I here  shall  merely 
confine  myself  to  facts,  it  will  be  sufficient  in  general 
to  mention,  that  two  stars,  which  are  equal,  or  nearly 
so,  will  bear  a very  high  power  : with  a Geminorum 
I have  gone  as  far  as  3168  ; but  with  the  former 
only  to  2010. 

“ The  difficulty  of  using  high  powers  is  exceed- 
ingly great ; for  the  field  of  view  takes  in  less  than 
the  diameter  of  the  hair  or  wire  in  the  finder,  and 
the  effect  of  the  earth’s  diurnal  motion  is  so  great, 
that  it  requires  a great  deal  of  practice  to  find  the 
object,  and  manage  the  instrument.  It  appears  to 
me  very  probable,  that  the  diurnal  motion  of  the 
earth  will  be  the  greatest  obstacle  to  our  progress  in  ' 
magnifying,  unless  we  can  introduce  a proper  mecha- 
nism to  carry  our  telescopes  in  a contrary  motion. 

“ Though  opticians  have  proved  that  2 Eye- 
glasses will  give  a more  correct  image  than  one,  I 
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have  always,  from  experience,  persisted  in  refusing 
the  assistance  of  a 2d  glass,  which  is  sure  to  intro- 
duce errors  greater  than  those  we  would  correct. 
Let  us  resign  the  double  Eye-glass  to  those  who  view 
objects  merely  for  entertainment,  and  must  have  an 
exorbitant  field  of  view.  To  a philosopher  this  is 
an  unpardonable  indulgence.  I have  tried  both  the 
single  and  double  Eye-glass  of  equal  powers,  and 
always  found  that  the  Single  Eye-glass  had  much  the 
superiority  in  point  of  light  and  distinctness.  With 
the  double*  Eye-glass  I could  not  see  the  belts  on 
Saturn,  which  I very  plainly  saiv  with  the  single 
one.  I would,  however,  except  all  those  cases  where 
a large  field  is  absolutely  necessary,  and  where  power 
joined  to  distinctness  is  not  the  sole  object  of  our 
view. 

“ The  application  of  the  different  powers  of  a 
telescope  in  general  is  of  some  consequence ; and,  in 
answer  to  those  who  may  think  I have  strained  or 
overcharged  mine,  I must  observe,  that  a single 
glance  at  the  subsequent  h Draconis,  r\  Coronae,  and 
the  star  near  Bootis,  with  a power  of  460,  shewed 
them  to  me  as  double  stars ; when,  in  2 former  re- 
views of  the  Heavens,  I had  twice  set  them  down  in 

* If  the  only  advantage  be  the  trifling  increase  of  Illuminating 
power,  that  may  be  obtained  by  increasing  the  Aperture  of  the 
Telescope. — See  the  Author’s  Obs.  on  Saturn,  and  Chapter  on 
Galilean  Telescopes,  and  on  Single  Concave  and-  Convex  Lenses. 
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my  journal  as  single  stars,  where  I used  only  the 
power  of  222  and  227,  and  in  all  probability  should 
never  have  found  them  double,  had  I not  looked  with 
a higher  power. 

We  are  to  remember,  that  it  is  much  easier  to 
see  an  object  when  it  is  pointed  out  to  us,  than  when 
it  falls  in  our  way  unexpectedly,  especially  if  of  such 
a nature  as  to  require  some  attention  to  be  seen  at 
all ; but  to  say  no  more  of  other  advantages  of  high 
powers,  it  is  evident,  that  in  the  research  of  the 
parallax  of  the  fixed  stars  they  are  absolutely  neces- 
saiy.  If  we  would  distinctly  perceive  and  measure, 
or  estimate  extremely  small  quantities,  such  as  a 
10th  of  a second,  it  appears,  that  when  we  use  a 
power  of  460,  this  10th  of  a second  will  be  no  more 
in  appearance  than  46",  and  even  with  a power  of 
1500  will  be  but  2'  30",  which  is  a quantity  not 
much  more  than  sufficient  to  judge  well  of  objects, 
and  distinguish  them  from  each  other,  such  as  -a 
circle  from  a square,  triangle,  or  polygon*. 

“ It  has  been  observed,  that  objects  become  in- 
distinct when  the  principal  opticf  pencil  at  the  eye 

I “ By  a set  of  experiments,  made  in  the  year  1774,  I found, 
that  I could  discover  or  perceive  a bright  object,  such  as  white 
paper,  against  the  sky-light,  when  it  subtended  an  angle  of  35"; 
but  could  only  distinguish  it  to  be  a circle,  and  no  otlier  figure, 
when  it  appeared  under  an  angle  of  2'  24".’' 

f This  has  been  said — and  truly,  of  tlte  Objects  it  has  been 
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becomes  less  than  the  40th  or  50th  part  of  an  inch 
in  diameter. 

“ In  the  experiments  that  have  been  made  on  this 
subject,  it  appears  to  me,  that  the  indistinctness 
which  is  ascribed  to  the  smallness  of  the  optical 
pencil  may  be  owing  to  very  different  causes : at 
least  it  will  be  easy  to  bring  contrary  experiments  of 
extremely  small  pencils,  not  at  all  affected  by  this 
inconvenience ; for  instance,  it  is  well  known,  that 
microscopes,  consisting  of  a single  lens  or  globule, 
are  remarkable  for  distinctness.  We  also  know 
that  they  have  been  made  so  small,  as  to  magnify 
above  10,000  times*.  From  this  we  may  infe'^  that 
their  apertures,  and  consequently  the  diameters  of 
the  optic  pencil  at  the  eye,  could  not  exceed  the 
2500th  part  of  an  inch.  I am,  therefore,  inclined  to 
believe,  that  we  must  look  for  distinctness  in  the 
perfection  of  the  Object-speculum  or  Object-glass  of 
a Telescope;  and  if  we  can  make  the  first  image  in 
the  focus  of  a speculum  almost  as  perfect  as  the  real 
object,  what  should  hinder  our  magnifying  but  the 
want  of  light  t?  Now,  if  the  object  has  light  s«f- 

said  of  i.  e.  a Printed  Bill — and  the  Planets — which  are  seldom 
so  well  defined,  with  a greater  power  than  is  given  by  reducing 
the  Diameter  of  an  Object-metal  into  lOths  of  inches,  and  mul- 
tiplying that  by  3 or  4. — W.  K. 

* “ See  Padre  Deela  Torre’s  Method,  &c.  Scelta  di 
Opusculi.” 

t Want  of  Light  is  not  the  Greatest  obstacle  to  the  increase  of 
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ficient,  as  the  stars  most  undoubtedly  have,  I see  no 
reason  why  we  should  limit  the  powers  of  our  instru- 
ments by  any  theory.  Is  it  not  best  to  have  recourse 
to  experiments  to  find  how  far  our  endeavours  to 
render  the  first  image  perfect,  have  been  successful  ? 

“ If  I should  mention,  in  my  list  of  observations,  | 
a few  Double  Stars  that  may  be  found  difficult  to  I 
be  verified  by  other  Telescopes,  I must  beg  the  in-  ( 
dulgence  of  the  observers.  I hope  it  will  sufficiently 
appear,  that  I have  guarded  against  optical  delu- 
sions ; and  every  astronomer,  I make  no  doubt,  will 
find,  by  those  observations  that  fall  within  the  com- 
pass of  his  instruments,  and  attention  to  circum- 
stances necessary  to  the  right  management  of  them, 
that  I have  had  all  along  truth  and  reality  in  view. 

Magnifying  Power  beyond  a certain  degree  — the  great  and  irre- 
mediable impediment  is  the  Atmosphere  of  the  Earth— Specu-  i 
lums.  Dr.  H.  informs  us,  have  been  worked  perfectly  good  of  10 
inches  in  Diameter,  and  the  magnifying  power  ^ven  by  multi- 
plying their  Diameter  by  40 — i.  e.  400  times,  is  the  maximum  that 
can  be  managed. 

With  a Double  Eye-tube  of  the  usual  construction,  magnifying  ■ 
350,  Spka  Virginis,  when  on  the  Meridian,  passed  the  field  of  my 
5 feet  Achromatic  in  28  seconds— in  the  Double  Eye-piece,  the 
Vision  was  distinct  almost  to  quite  tlie  edge  of  the  field— with  the 
Single  Lens,  except  in  the  centre— forming  at  most  not  more  than 
one-third  of  the  field,  it  was  too  distorted  to  be  of  any  use ; so 
to  keep  it  in  the  distinct  part  of  the  Field  of  view  of  a single  Eye- 
glass,  the  Instrument  must  be  kept  in  almost  perpetual  motion.— 

W.  K. 
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as  the  sole  object  of  my  endeavours  ; and  therefore, 
he  will  be  inclined  to  give  some  credit  to  what  he 
does  not  immediately  perceive,  when  he  finds  him- 
self successful  where  he  takes  the  proper  precautions 
so  necessary  in  delicate  observations,  even  with  the 
best  instruments.  I have  been  in  some  doubt  in 
what  manner  to  communicate  these  observations. 
My  first  view  was  to  have  methodised  them  properly ; 
but  I find  them  so  extensive,  that  there  is  but  little 
probability  that  one  person  should  be  able  to  bring 
them  to  a conclusion,  for  which  reason  I have  now 
resolved  to  give  them,  unfinished  as  they  are,  that 
every  person  who  is  inclined  to  engage  in  this  pur- 
suit may  become  a fellow-labourer. 

In  settling  the  distances  of  double  stars,  I have 
occasionally  used  2 different  ways.  Those  that  are 
extremely  near  each  other  may  be  estimated  by  the 
eye,  in  measures  of  their  own  apparent  diameters. 
For  this  purpose  their  distance  should  not  much 
exceed  2 diameters  of  the  larger,  as  the  eye  cannot 
so  well  make  a good  estimation  when  the  interval 
between  them  is  greater.  This  method  has  often  the 
preference  to  that  of  the  micrometer  : for  instance, 
when  the  diameter  of  a small  star,  perhaps  not  equal 
to  half  a second,  is  double  the  vacancy  between  the 
two  stars.  Here  a micrometer  ought  to  measure 
lOths  of  seconds  at  least,  otherwise  we  could  not, 
with  any  degree  of  confidence,  rely  on  its  measures  ; 
nay,  even  then,  if  the  stars  are  situated  in  the  same 
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parallel  of  declination,  and  near  the  equator,  their 
quick  motion  across  the  micrometer  makes  it  ex- 
tremely difficult  to  measure  them,  and  in  that  case 
an  estimation  by  the  eye  is  preferable  to  any  other 
measure ; but  this  requires  not  a little  practice,  pre- 
caution, and  time,  and  yet  with  proper  care  it  will 
be  found  that  this  method  is  capable  of  great  exact- 
ness. Let  2 small  circles  be  drawn,  either  equal  or 
unequal,  at  a distance  not  exceeding  twice  the  dia- 
meter of  the  larger : let  these  be  shewn  to  several 
persons  in  the  same  light  and  point  of  view.  Then, 
if  every  one  of  them  will  separately  and  carefully 
write  down  his  estimation  of  the  interval  between 
them,  in  the  proportion  of  either  of  their  diameters, 
it  will  be  found  on  a comparison,  that  there  will 
seldom  be  so  much  as  a quarter  of  a diameter  dif- 
ference among  all  the  estimations.  If  this  agreement 
takes  place  with  so  many  different  eyes,  much  more 
may  we  expect  it  in  the  estimations  of  the  same  eye, 
when  accustomed  to  this  kind  of  judgment. 

“ I have  divided  the  double  stars  into  several  dif- 
ferent classes.  In  the  first,  I have  placed  all  those 
which  require  indeed  a very  superior  telescope^  the 
utmost  clearness  of  air,  and  every  other  favourable 
circumstance  to  be  seen  at  all,  or  well  enough  to 
judge  of  them.  They  seemed  to  me  on  that  account 
to  deserve  a separate  place,  that  an  observer  might 
not  condemn  his  instrument  or  his  eye,  if  he  should 
not  be  successful  in  distinguishing  them.  As  these 
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are  some  of  the  finest,  most  minute,  and  most  delicate 
objects  of  vision  I ever  beheld,  I shall  be  happy  to 
hear  that  my  obsei-vations  have  been  verified  by  other 
persons,  which  I make  no  doubt  the  curious  in  astro- 
nomy will  soon  undertake.  I should  observe,  that 
since  it  will  require  no  common  stretch  of  power  and 
distinctness  to  see  these  double  stars,  it  will,  there- 
fore, not  be  amiss  to  go  gradually  through  a few 
preparatory  steps  of  vision,  such  as  the  following : 
when  >)  Coronae  Borealis,  one  of  the  most  minute 
double  stars,  is  proposed  to  be  viewed,  let  the  tele- 
scope be  some  time  before  directed  to  a Geminorum ; 
or,  if  not  in  view,  to  either  of  the  following  stars, 
^ Aquarii,  Draconis,  g Herculis,  a Piscium,  or  the 
curious  double-double  star  b Lyrae.  These  should 
be  kept  in  view  for  a considerable  time,  that  the  eye 
may  acquire  the  habit  of  seeing  such  objects  well 
and  distinctly.  The  observer  may  next  proceed  to 
I Ursae  majoris,  and  the  beautiful  treble  star  in 
Monoceros’s  right  fore-foot ; after  these  to  i Bootis, 
which  is  a fine  miniature  of  a Geminorum^  to  the 
star  preceding  a Orionis,  and  to  7i  Orionis.  By  this 
time  both  the  eye  and  the  telescope  will  be  prepared 
for  a still  finer  picture,  which  is  n Coronae  Borealis. 
It  will  be  in  vain  to  attempt  this  latter,  if  all  the 
former,  at  least  i Bootis  cannot  be  distinctly  per- 
ceived to  be  fairly  separated,  because  it  is  almost  as 
fine  a miniature  of  i Bootis  as  that  is  of  a Gemino- 
rum. If  the  observer  has  been  successful  in  all 
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these,  he  may  then,  at  the  same  time,  try  h Dra- 
conis,  though  I question  whether  any  power  less 
than  4 or  500  will  shew  it  to  be  double ; but  all  the 
former  I have  seen  very  well  with  227. 

“ To  try  the  stars  of  unequal  magnitudes,  it  wall 
be  expedient  to  take  them  in  some  such  order  as  the 
following : a Herculis,  w Aurigse,  d Geminorum, 
k Cygni,  t Persei,  and  b Draconis ; from  these  the 
observer  may  proceed  to  a most  beautiful  object, 
£ Bootis,  which  I have  closely  attended  these  2 years, 
as  very  proper  for  the  investigation  of  the  parallax  of 
the  fixed  stars. 

“ It  appears,  from  what  has  been  said,  that  these 
Double  stars  are  a most  excellent  way  of  trying  a 
Telescope ; and  as  the  foregoing  remarks  have  sug- 
gested the  method  of  seeing  how  far  the  power  and 
distinctness  of  our  instruments  will  reach,  I shall 
add  the  way  of  finding  how  much  light  w^e  have. 
The  observer  may  begin  with  the  Pole  Star  and 
a Lyrae ; then  go  to  the  star  south  of  e Aquilee,  the 
treble  star  near  k Aquilse,  and  last  of  all  to  the  star 
following  0 Aquilae.  Now,  if  his  telescope  has  not 
a great  deal  of  good  distinct  light,  he  will  not  be 
able  to  see  some  of  the  small  stars  that  accompany 
them. 

“ In  the  2d  class  of  double  stars,  I have  put  all 
those  that  are  proper  for  estimations  by  the  eye,  or 
very  delicate  measures  of  the  micrometer.  To  com- 
pare the  distances  with  the  apparent  diameters,  the 
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power  of  the  telescope  should  not  be  much  less  than 
200,  as  they  will  otherwise  be  too  close  for  the  pur- 
pose. The  instrument  ought  also  to  be  as  much  as 
possible  free  from  rays  that  surround  a star  in  com- 
mon telescopes,  and  should  give  the  apparent  dia- 
meters of  a double  star  perfectly  round  and  well- 
defined,  with  a deep  black  division  between  them, 
as  in  fig.  6,  which  represents  a Geminorum  as  I have 
often  seen  it,  in  my  7 feet  Newtonian,  with  a power 
of  460.  It  will  be  necessary  here  to  take  notice, 
that  the  estimations  made  with  one  telescope  cannot 
be  applied  to  those  made  with  another ; nor  can  the 
estimations  made  with  different  powers,  though  with 
the  same  telescope,  be  applied  to  each  other.  What- 
ever may  be  the  cause  of  the  apparent  diameters  of 
the  stars,  they  are  certainly  not  of  equal  magnitude 
with  the  same  powers  in  different  telescopes,  nor  of 
proportional  magnitude  with  different  powers  in  the 
same  telescope.  In  my  instruments,  I have  ever 
found  less  diameter  in  proportion  the  higher  I was 
able  to  go  in  power,  and  never  have  I found  so  small 
a proportional  diameter  as  when  I magnified  6450 
times*  ; therefore,  if  we  would  wish  to  compare  any 

* “ See  the  measures  of  the  diameter  of  a Lyrsef . Catalogue 
of  Double  Stars,  5th  class.” — Orig. 


f With  460,  the  diameter  of  « Lyras  is  i^th  of  an  inch. 
With  2010,  Jthofaninch. 
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such  observations  together,  with  a view  to  see 
whether  a change  in  the  distance  has  taken  place, 

With  3168,  jth  and  Jth  of  an  8th. 

With  6450,  ^th  of  ah  inch. 

The  accompanying  Diagrams  shew  the  Diameters  of  the  Stars 
as  given  by  Sir  W.  H. — only  the  aberrations  which  are  drawn 
around  them  by  Sir  Wm.  are  omitted  here  on  account  of  the  space 
whicli  they  would  occupy. 

Sir  William  Herschel’s  Diagrams  of  the  diameter  of  Lyrte,  as 
it  appeared  in  his  7 feet  Newtonian,  with  an  aperture  of  Q-y.hs 
inches;  the  upper  figure  as  seen  with  a power  q/' 460,  the 
second  with  2010,  the  third  with  3168,  and  the  fourth  toith  6450. 


t 

In  Sir  Wm.  H.’s  diagram  of  Castor,  which  was  made  with  a 
Newtonian  Telescope  of  7 feet  focus,  6^th  Aperture,  and  power 
of  460. — See  vol.  Ixxii.  of  the  Phil.  Trans-. — the  Larger  .Star  i.-; 
the  twelfth  of  an  inch  in  diameter — the  Smaller  Star  the  .sixteenth. 
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it  should  be  done  with  the  very  same  telescope  and 
power>  even  with  the  very  same  eye-glass  or  glasses ; 
for  others,  though  of  equal  power  and  goodness, 
would  most  probably  give  different  proportional  dia- 
meters of  the  stars. 

“ In  the  3d  class  I have  placed  aU  those  double 
stars  that  are  more  than  5 but  less  than  15"  asunder  ; 
and  for  that  reason,  if  they  should  be  used  for  ob- 
servations on  the  parallax  of  the  fixed  stars,  they 
ought  to  be  considered  as  quite  free  from  the  effects 
of  refraction,  &c.  In  the  same  manner  that  the 
stars  in  the  1st  and  2d  classes  will  seiwe  to  try  the 
goodness  of  the  most  capital  instruments,  these  will 
afford  objects  for  telescopes  of  inferior  power,  such 
as  magnify  from  40  to  100  times.  The  observer  may 

and  the  separation  between  them  one-tenth  and  one  half-tenth  of 
an  inch. — For  a particular  account  of  Castor,  see  the  Chapter  on 
Double  Stars. 

In  Mr.  J.  South’s  diagram  of  Castor,  in  No.  xxvi.  of  the 
Journal  of  Science,  edited  at  the  Royal  Institution,  which  was 
drawn  with  an  Achromatic  Object-glass,  made  by  Mr.  Tulley,  of 
3ith  inches  aperture,  having  Three  convex  surfaces,  45  inches 
focal  length,  and  Magnifying,  he  states,  about  300  times—  the 
larger  Star  is  the  30th  of  an  Inch  in  diameter,  and  the  Smaller^ 
Star  the  50th  of  an  Inch,  and  the  distance  between  them  the  35th. 
of  an  Inch. 

If  you  wish  to  estimate  the  apparent  Diameters  of  Stars — make 
a dozen  dots  on  a paper — from  the  8th  to  the  40th  of  an  inch  in 
diameter — tliis  will  assist  your  Eye  in  its  measurement  very 
much.— W.  K. 
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take  them  in  this  or  the  like  order  : ^ Ursae  majoris, 
7 Delphini,  7 Arietis,  v Bootis,  7 Virginis,  / Cas- 
siopeee,  Cygni.  And  if  he  can  see  all  these,  he 
may  pass  over  into  the  2d  class,  and  direct  his  in- 
strument to  some  of  those  that  were  pointed  out  as 
objects  for  the  very  best  telescopes,  where  I suppose 
he  will  soon  find  the  want  of  superior  power. 

“ The  4th,  5th,  and  6th  classes,  contain  double 
Stars  that  are  from  15"  to  30",  from  30"  to  V,  and 
from  r to  2'  or  more  asunder.” — From  Dr.  Her- 
schel’s  Paper  on  the  Parallax  of  the  fixed  Stars,  in 
the  Phil.  Trans,  for  1782,  vol.  Ixxii.  p.  91,  &c. 


Account  of  some  Observations  tending  to  mvestigate 
the  Construction  of  the  Heavens,  by  Dr.  Herschel, 
in  Phil.  Trails,  vol.  Ixxiv.  p.  437,  made  “ with  a 
Telescope  of  the  Newtonian  Form,  with  an  Object- 
Speculum  of  20  feet  focal  length — and  its  Aperture 
\^-j^ths  inches.” 

“ It  maybe  expected,  that  the  great  advantage  of 
a large  aperture  would  be  most  sensibly  perceived 
with  all  those  objects  that  require  much  light,  such 
as  the  very  small  and  immensely  distant  fixed  stars, 
the  very  faint  nebulae,  the  close  and  compressed 
clusters  of  stars,  and  the  remote  planets. 

“ On  applying  the  telescope  to  a part  of  the  Via 


DOUBLE  STARS. 


403 


Lactea,  I found  that  it  completely  resolved  the 
whole  whitish  appearance  into  small  «tars,  which  my 
former  telescopes  had  not  light  enough  to  effect. 
The  portion  of  this  extensive  tract,  which  it  has 
hitherto  been  convenient  for  me  to  observe,  is  that 
immediately  about  the  hand  and  club  of  Orion.  The 
glorious  multitude  of  stars,  of  all  possible  sizes,  that 
presented  themselves  here  to  my  view,  was  truly 
astonishing ; but  as  the  dazzling  brightness  of  glit- 
tering stars  may  easily  mislead  us  so  far,  as  to  esti- 
mate their  number  greater  than  it  really  is,  I 
endeavoured  to  ascertain  this  point  by  counting 
many  fields,  and  computing,  from  a mean  of  them, 
what  a certain  given  portion  of  the  milky  way  might 
contain.  Among  many  trials  of  this  sort,  I found, 
last  January  the  18th,  that  six  fields,  promiscuously 
taken,  contained  110,  60,  70,  90,  70,  and  74  stars 
each.  I then  tried  to  pick  out  the  most  vacant 
place  that  was  to  be  found  in  that  neighbourhood, 
and  counted  63  stars.  A mean  of  the  first  six,  gives 
79  stars  for  each  field.  Hence,  by  allowing  15 
minutes  of  a great  circle  for  the  diameter  of  my 
field  of  view,  we  gather,  that  a belt  of  15  degrees 
long  and  2 broad,  or  the  quantity  which  I have  often 
seen  pass  through  the  field  of  my  telescope  in  one 
hour’s  time,  could  not  well  contain  less  than  fifty 
thousand  stars,  that  were  large  enough  to  be  dis- 
tinctly numbered.  But,  besides  these,  I suspected 
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at  least  twice  as  many  more,  which,  for  want  of  \ 
light,  I could  only  see  now  and  then  by  faint  glitter- 
ing and  interrupted  glimpses.” — Vol.  Ixxiv.  pp.  437 
and  8. 

In  the  most  crowded  part  of  the  Milky  Way,  I 
have  had  fields  of  view  that  contained  no  less  than 
588  stars— (see  the  Table  of  Gages,  p.  235)— and 
these  were  continued  for  many  minutes,  so  that  in  I 
one  quarter  of  an  hour's  time  there  passed  no  less  than 
116,000  Stars  through  the  field  of  view  of  my  Tele- 
scope. 

“ The  breadth  of  my  sweep  was  2°  26',  to  which 
must  be  added  15'  for  two  semi-diameters  of  the 
; field.  Then,  putting  161  = 0,  the  number  of  fields 
, in  15  minutes  of  time;  7854=5,  the  proportion  of 
a circle  to  1,- its  circumscribed  square;  ^ = sine  of 
74°  22',  the  polar  distance  of  the  middle  of  the  sweep 
reduced  to  the  present  time ; and  588  = S,  the  num- 

ber  of  stars  in  a field  of  view,  we  have  — 3:  1 16076 

0 

stars.” — Dr.  Herschel  on  the  Construction  of  the 
Heavens,  p.  213  of  vol.  Ixxv.  of  the  Phil.  Trans. 
for  1785. 

“ The  SMALL  Sweeper  is  a Newtonian  Reflector, 
of  2 feet  focal  length ; and,  with  an  aperture  of  42 
inches,  has  only  a Magnifying  power  of  24,  and  a 
field  of  view  2°  12'. 

Its  distinctness  is  so  perfect,  that  it  will  shew 
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letters  at  a moderate  distance,  with  a magnifying 
power  of  2000*;  and  its  movements  are  so  con- 
venient, that  the  eye  remains  at  rest  while  the  in- 
strument makes  a sweep  from  the  horizon  to  the 
zenith. 

” A large  one  of  the  same  construction,  has  an 
aperture  of  92  inches,  with  a focal  length  of  5 feet 
3 inches. 

It  is  also  charged  low  enough  for  the  eye 
to  take  in  the  whole  Optic  Pencil ; and  its 
Penetrating  Power,  with  a double  Eye-Glass,  is 

>/,41x92“ 2P  na  ,}  a ^ rr 

X'  2 — 28,57.  — See  Dr.  Herschel  s 

Paper  in  page  71  of  vol.  xc.  of  Phil.  Tram. 

“ To  find  THE  DISTANCE  OF  THE  FIXED  STARS 
has  been  a problem  which  many  eminent  astrono- 
mers have  attempted  to  solve;  but  about  which, 
after  all,  we  remain  in  a great  measure  still  in  the 
dark.  Various  methods  have  been  pursued  without 
success,  and  the  result  of  the  finest  observations  has 
hardly  given  us  more  than  a distant  approximation, 
from  which  we  may  conclude,  that  the  nearest  of 
the  fixed  stars  cannot  be  less  than  40  thousand  dia- 
meters of  the  whole  annual  orbit  of  the  earth  distant 
from  us.  Trigonometry,  by  whose  powerful  assist- 
ance the  mathematician  has  boldly  ascended  into  the 

* Tliis  would  require  an  Eye-Glass  of  less  than  the  80th  of  an 
Inch  focus. 
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planetary  regions,  and  measured  the  diameters  and 
orbits  of  the  heavenly  bodies,  for  want  of  a proper 
base,  can  here  be  but  of  little  service ; for  the  whole 
diameter  of  the  annual  orbit  of  the  earth  is  a mere 
point  when  compared  to  the  immense  distance  of  the 
stars.” — Dr.  Herschel,  in  Fhil.  Trans,  for  1782, 

p.  82. 

End  of  Sir  W.  H.’s  Observations  on  Double  Stars. 


INTRODUCTORY  OBSERVATIONS  ON  DOUBLE 
STARS,  BY  DR.  KITCHINER. 

The  Opinions  of  some  of  the  Old  Authors  on  the 
Fixed  Stars  are  odd  enough,  and  oddly  enough  ex- 
pressed.— We  give  the  following  specimen. 

“ The  fixed  stars,  when  beheld  with  a Telescope, 
appear  prodigiously  small ; and  whereas  Tycho  Brahe 
tells  us,  that  those  of  the  first  magnitude  appear  to 
the  naked  sight  about  two  minutes  diameter,  they 
appear  not  unto  us,  according  to  Galileo,  but  five 
seconds  diameter,  which  is  twenty-four  times  less. 
Tycho  Brahe  makes  these  stars  to  be  sixty  or  seventy 
times  bigger  than  the  earth ; at  this  time,  on  the 
contrary,  they  are  found  to  be  200  times  less  than 
the  earth.” 

“ Utrum  horum  mavis  accipe.” 

' “ Kepler  warns  us,  that  with  the  telescope  tlie  ■ 
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greatness  of  any  fixed  star  cannot  be  determined, 
because  by  how  much  better  the  glass  is,  by  so  much 
the  lesser  the  stars  appear*,  they  are  judged  to  be 
very  far  from  being  all  of  a bigness ; those  visible  to 
the  naked  eye  are  taken  to  be  of  six  several  magni- 
tudes : those  of  the  first  rate,  are  conceived  one  hundred 
and  eight  times  bigger  than  the  earth  ; such  are  the 
bigger  Dog  Star, — the  Bull’s  Eye,  &c. : those  of  the 
sixth  and  least  rate  only  eighteen  times  bigger  than 
it.  But  to  come  to  a perfect  and  exact  knowledge 
of  the  distance  of  the  heavenly  bodies  (by  miles  or 
such  known  measures,)  of  their  bigness,  substance, 
frame,  and  contexture,  is  not  to  be  expected ; nor 
will  any,  except  madmen,  pretend  to  have  made 
such  discoveries.  There  are  very  few  things,  which 
truly  wise  men,  will  say  they  thoroughly  understand, 
even  amongst  sublunaiy  bodies.  By  this  ingenious 
dealing,  the  reader  will  be  able  easily  to  gather  what 
kind  of  belief  he  is  to  give  to  the  foregoing  calcula- 
tions, or  accounts  of  the  distances  and  magnitudes 
of  these  bodies.  They  are  mostly  but  the  conjec- 
tures of  men  very  learned,  industrious,  and  knowing 
in  this  kind.  But  there  is  as  great  a difference  be- 
twixt the  knowledge  which  artists  and  speculative 
men  have  of  the  heavens,  stars,  and  orbs,  and  that 


* A humourist,  to  whom  I read  the  above  quotation,  replied, 
“ Then  in  a Glass  which  is  quite  perfect,  I suppose  you  cannot 
see  any  Stars  at  all  !” 
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which  the  common  people  have,  as  there  is  betwixt 
the  common  people  and  brutes’  notices  of  them.” — 

‘ Man  differs  more  from  man,  than, man  from  beast.’ 

G.  CoLMAN,  Jun. 

Vide  Astronomy’’ s Advancement,  or  News  for  the  Cu- 
rious, being  a Treatise  on  Telescopes  ; a piece  contain- 
ing great  Curiosities:  done  out  of  the  French,  by 
Joseph  Walker,  London,  1684. 

Some  sublime  Geniuses  have  talked  of  Immeasu- 
rable Space,  and  Distances  only  not  Infinite,  with 
an  air  of  as  much  confidence,  as  a mail  Coachman 
would  tell  you  the  distance  between  London  and 
York. — Such  is  the  kind  of  talk  which  I suppose  an 
old  Medical  Author  alluded  to,  when  he  wrote, — 
Some  have  been  talked  to  Death,  which  is  the 
most  agonistic  and  tedious  way  of  Expiring.” 

An  Arithmetician,  who  pretends  to  calculate 
exactly  the  Distance  or  the  Dimension  of  a fixed 
Star,  deserves  about  as  much  attention — as  a Mad- 
man telling  his  dream  ; or  as  Sir  Hudibras,  when  he 
reckoned  that  the  Sun,  and  his  brethren  the  Stars, 
were 

“ ——a  piece 

Of  red  hot  iron  as  big  as  Greece.” 

And  of  the  Moon  tells. 

What  her  diameter  to  an  inch  is,  > 

. And  proved  she  was  not  made  of  Cream  Cheese.” 
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“ Trace  Science,  then,  with  Modesty  thy  guide  : 

First  strip  off  all  her  equipage  of  Pride; 

Deduct  what  is  but  vanity  and  dress. 

Or  learning’s  luxury  or  idleness  ; 

Or  tricks,  to  shew  the  stretch  of  human  brain. 

Mere  curious  pleasure,  or  ingenious  pain  : 

Then  see  how  little  the  remaining  sum 

Which  served  the  past,  and  must  the  time  to  come.” 

Pope. 

THE  THREE  VARIETIES  OF  DOUBLE  STARS 

are  those  which  resemble, 

1st,  7 Andromeda — the  Smaller  Star  of  a Blue 
colour. 

2d,  a Geminorum—nQ^vly  Equal  in  Size  Riid  colour. 

3dly,  The  Polar  Star — extremely  Unequalin  Size. 
Three  Stars  above  mentioned  may  be  seen 
m Telescopes  of  moderate  magnitude,  and  will 
give  you  as  good  an  idea  of  those  which  are  more 
difficult  to  define,  and  are  only  visible  in  very 
perfect  and  very  large  Telescopes,  as  a Kitten  does 
of  a Cat : — for  instance, 

7 Andromeda,  in  a 30  inch  Achromatic,  of  2 inches 
aperture,  with  80,  appears  like  £ Bootis  in  a fine 

o feet,  with  an  aperture  of  3|ths  inches,' and  power 
of  460. 

a Geminormn,  in  a Two  feet  Achromatic,  with  a 
power  of  100,  is  like  n Cororuc  in  a 7 feet  Achro- 
matic, with  5 inches  aperture,  and  power  of  550 
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(see  Mr.  Tulle y’s  account  of  it  in  page  296,  where 
the  power  is  misprinted  350,  instead  of  550. — (See 
Sir  W.  H.’s  Obs.  on  this  Star,  in  page  397.)  — 

£ Lyr(z  in  a good  Achromatic  Opera-glass  which 
magnifies  5 times,  appears  like  a Geminorum. 

The  Pole  Star,  in  a 3 J feet  Achromatic,  of  : 

inches  aperture,  with  80,  nearly  resembles  a Lyrcz 
in  my  5 feet,  with  3|ths  inches  aperture,  with  450 ; 
only,  with  that  power,  the  small  Star  near  a Lyre  i 
is  fainter,  and  about  double  the  distance  from  Lyra,  \ 
than  the  Star  which  accompanies  the  Pole  Star  is  j 

with  a power  of  80.  1 

The  1st  and  2d  Classes  appear  to  me  to  be  equally 
easily  definable  in  Achromatic,  Gregorian,  and 
Newtonian  Telescopes  — and  those  of  the  3d  Class 
I have  seen  most  easily  in  Achromatic  and  New- 
tonian Telescopes. 

I have  seldom  seen  the  small  Star  near  the  Polar 
Star  in  a Gregorian  with  less  than  5 inches  aperture, 
and  better  with  a triple  Object-glass  of  3.^ths  inches 
diameter,  than  in  several  Gregorians  of  7 inches 
diameter — the  same  Observation  applies  to  the  small' 
Star  near  Rigel. 

This  failure  of  the  Gregorians,  I know  now,  was 
occasioned  by  their  not  having  been  finished  and 
adjusted  for  observing  Double  Stars,— which,  as 
have  before  noticed,  are  the  most  severe  tests  of  the 

defining  power  of  a Telescope. 

The  following  brief  Accounts  of  Double  Stabs, 
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are  offered  as  hints  to  those  who  are  inexperienced 
in  Telescopes,  what  objects  they  may  expect  to  see 
in  Instruments  of  various  sizes  and  constructions, 
provided  they  are  good  of  the  kind. 

No.  1.  y Andromeda  is  visible  even  in  a 1 foot 
Achromatic  Telescope,  with  35  ; but  the  Blue  colour 
of  the  Smaller  of  the  Two  Stars  is  not  plainly  re- 
markable with  an  Achromatic  of  less  than  Two, 
or  a Gregorian  of  less  than  Three,  inches  aperture, 
and  Magnifying  power  of  at  least  80.  — See  Ohs. 
on  y Andromeda,  at  page  435. 

No.  2.  a Geminorum  is  another  easy  Object,  and 
may  be  perceived  to  be  two  Stars  with  a 1 foot 
Achromatic,  with  80 — and  seen  distinctly  separate, 
in  a 2 feet,  with  100. 

No.  3.  e Lyrte— this  quintuple  Star,  which  to  the 
naked  Eye  appears  as  a Single  Star,  is  to  be  seen  in 
an  Achromatic  Opera-glass,  with  a power  of  5,  or 
with  a common  finder  with  a power  of  5 or  6 times, 
very  distinctly  as  Two  Stars. 

d:.  cc  He)  culls  the  small  blue  Star'  is  di.s- 
cemible  in  a 30  inch,  of  2 inches  aperture ; but  is 
not  well  seen  with  less  than  2|ths  inches  aperture. 

No.  5.  y Leonis  is  visible  in  a 44  Inch  Achro- 
matic, with  2|ths  aperture;  with  180— and  270  shews 
it  very  well.  I have  seen  this  very  well  with  270, 
in  a 30  inch  Achromatic,  with  2|tlis  inches  aper- 
ture.— See  page  443. 
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No.  6.'  The  Polar  Star  — with  any  power  higher 
than  40,  in  Achromatics  of  2fths,  or  Reflecting 
Telescopes  of  4^  inches  aperture. — See  page  446. 

No.  7.  Rigel — in  a 3^  feet  Achromatic,  of  2|ths 
.aperture,  or  a Reflector  of  4|  inches  aperture — with  i 
any  power  betw^een  80  and  130. — See  page  451. 

No.  8.  £ Bootis  is  seldom  distinctly  defined,  with 
an  Achromatic  of  less  aperture  than  34th  inches,  or 
a Reflector  of  less  than  5 inches,  and  a power  of  at 
least  250. — See  page  450. 

I have  never  Seen*  the  Blue  Star  so  perfectly 
and  distinctly  detached  from  the  larger  Star  as  I 
could  wish,  in  less  than  a 46  inch  Achromatic,  wdth 
ail  aperture  of  3^oths  inches,  and  a power  of  350, 
and  still  better  in  a 5 feet,  wdth  an  Aperture  of 
3^V^®’  450 — a higher  powder  than  that  I have 

not  thought  any  advantage. 

No.  9.  a Lyree. — in  a 5 feet  Achromatic  Telescope, 
with  350  and  450. — See  page  463. 

The  Novice  must  not  always  expect  to  see  these 
extremely  minute  objects  to  the  utmost  advantage, 
as  I have  described  them,  as  seen  at  favourable 
moments  with  fine  Instruments  — even  when  they 
are  near  to  the  Meridian,  and  the  Illuminating  power 
of  the  Telescope  is  in  due  proportion  to  the  Magni- 

* See  what  I mean  by  the  word  Seeing,  in  the  15th  line  of 
page  415. 
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Jyhig  power,  and  the  Instrument  is  Extremely  per- 
fect— unless  the  Air  he  very  clear  and  calm,  and. 
every  circumstance  be  favourable . — See  the  8 Goons 
requisite,  in  page  343. 

Such  is  the  capricious  and  ever-varying  state  of 
the  Atmosphere  of  this  Country,  that  many  Even- 
ings which  seem  to  be  extremely  fine,  and  the  Stars 
appear  brilliant  to  the  naked  Eye,  are  quite  unfit  for, 
Observation,  and  our  best  Telescopes  will  perforin 
badly.— See  Chapter  XVIII.  of  Hints  for  Choosing 
Telescopes  and  Observing  Celestial  Objects;  and  Sir 
W.  H.’s  Obs.  on  the  causes  which  prevent  Tele- 
scopes from  acting,  in  page  326  of  this  work. 

The  apparent  Diameters,  and  the  Distances  of 
Double  Stars  from  each  other,  vary  very  much, — 
according  to  the  different  states  of  the  Atmo- 
sphere,— the  Defining,  — the  Illuminating, — and 
the  Magnifying  power  of  the  Telescope,  and  the 
proximity  of  the  Stars  to  the  Meridian. 

The  larger  the  aperture  of  the  Telescope,  and  the 
more  perfect  it  is,  the  larger  appears  the  separation, 
and  the  deeper  becomes  the  tone  of  the  colour  of 
Double  Stars,  this  is  in  fact  no  more  -tlian  sayinsf, 
that  to  see  very  faint  and  very  small  Objects  well. 
You  must  have  plenty  of  Light.— See  Dr.  Herschel’s 
Obs.  on  Castor,  y Leonis,  s Bootis,  and  Rigel  (p.  385), 
and  after,  my  Obs.  on  those  Stars. 

Some  small  Stars  require  little  Magnifying  power 
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but  a great  deal  of  distinct  light  to  be  perfectly  I 
seen ; such  a one  is  that  which  accompanies  liigel, 
which  is  visible  in  a line  5 feet  Achromatic,  or 
a 7 feet  Newtonian,  with  a power  of  100  — and 
becomes  invisible  with  460.  The  small  star  near 
a Li/r(Z  is  of  an  opposite  quality;  it  is  not  visible 
with  less  than  250,  and  better  with  460. — See  Sir 
VV.  H.’s  Obs.  thereon,  in  page  388. 

To  see  each  Double  Star  to  the  utmost  advantage, 
you  must  apply  to  each  a peculiar  degree  of  Magni- 
fying and  Illuminating  power,  which  I shall  endea- 
vour to  state  in  the  Observations  on  the  9 Double 
Stars,  at  the  end  of  this  Chapter. 

The  Magnitude  and  Colour*  of  Celestial  Objects 
tippear  surprisingly  different,  to  different  Eyes. — The 
same  Evening  that,  with  a power  of.  180,  the  planet 
Jupiter  has  appeared  to  me  to  be  about  an  Inch 
in  diameter, — a person,  who  observed  it  the  next 
minute,  has  said  it  looks  as  big  as  the  Moon ; 
another,  fancied  it  about  Four  inches  in  diameter; — 
and  a third  thought  that  it  did  not  appear  quite  so 
large  as  a small  Pea. 

“ It  will  be  necessaiy  hei'e  to  take  notice,  that  the 
estimations  made  with  one  Telescope,  cannot  be 
applied  to  those  made  with  another.  Whatever 
may  be  the  cause  of  the  apparent  diameter  of  the 

* See  the  Observations  of  « Hcrculis,  and  Sir  m.  IIerschel  s 
Introductory  Remarks  to  his  First  Catalogue  of  Double  Stars. 
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Stars,  they  are  certainly  not  of  equal  magnitude  with 
the  same  powers  in  different  Telescopes,  nor  of  pro- 
portional magnitude  with  different  powers  in  the 
same  Telescope.”— Sir  Wm.  HERscHEL,in  vol.  Ixxii. 
of  the  Phil.  Trans.— Obs.  on  Castor,  in  the 
Chapter  on  Double  Stars. 

Very  few  Instruments  are  so  perfect,  that  they 
will  perform  perfectly  on  All  Double  Stars.  There 
is  almost  always,  some  false  light  flitting  about 
some  part  of  the  Image  of  a Star  j and  if  a small 
Star  happens  to  be  in  that  part,  it  is  enveloped 
therein,  and  is 

“ Invisible  or  dimly  seen.” 

See  Obs.  on  e Bootis. 

I do  not  call  it  seeing  a Star  Double,  when  you 
can  only,  now  and  then,  merely  imagine  that  you 
can  perceive  (with  your  mind’s  eye)  a faint  glimpse 
of  a little  flitting  ghost  of  an  accompanying  Star, 
hopping  and  skipping  about  during  ^fits  of  easy 
transmission — but  only,  when  the  apparent  dia- 
meter of  each  of  the  Stars  is  perfectly  defined — and 
as  perfectly  separate,  and  there  is  a deep  black  division 
between  them,  as  they  are  delineated  in  Sir  Wm. 
H.’s  Diagram  of  Castor,  in  the  Frontispiece  to 
this  work — and  see  Sir  Wm.  H.’s  Obs.  in  page  399 
of  this  Book. 

The  Reader  must  not  expect  that  every  Telescope 
which  is  fitted  up  for  Terrestrial  purposes,  — will 
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properly  carry  for  Celestial  purposes  extraordinary 
high  Magnifying  Powers,— nothing  like  it there 
are  but  few  Superlative  Star  Telescopes. 

To  bear  an  uncommonly  powerful  Eye-glass  for 
Celestial  purposes,  you  must  have  an  uncommonly 
. perfect  Object-glass,  or  Object-metal,  and  the  diffi- 
culty of  making  this,  increases  as  its  Magnitude, 
and  Magnifying  power  increases;  and  the  Instrument 
must  be  adjusted  at  a Fixed  Star,  which  is  a much 
more  elaborate  and  Eye-teazing  operation  than  the 
ordinary  test  of  the  defining  power  of  Day-Tele- 
scopes— i.  e.  a Printed  Paper. 

If  I was  an  Optician,  — I think  that  I would 
about  as  willingly  Waltz  blindfold  and  barefoot 
among  9 Red-hot  Ploughshares  laid  at  unequal  dis- 
tances from  each  other,  as  have  all  my  Telescopes 
tried  by  that  truly  troublesome  test,  a Fixed  Star. 

The  PlrniQi  Jupiter  was,  till  within  the  last  30 
years,  considered  the  grand  test  of  Telescopes  for 
Celestial  purposes,  and  \ohen  it  is  near  to  the  Meri- 
dian it  is  a pretty  severe  one.  I think  that  the 
Division  in  the  Ring  of  Saturn  is  a severer  criterion 
of  defining  power  than  the  sharpness  of  the  Disk  of 
Jupiter ; but  many  Glasses  will  define  a Printed 
Paper,  and  shew  the  Planets  pretty  well,  which  will 
not  so  well  define  Stars, — and  this  merely 

because  they  were  not  adjusted  at  a Star. 

Double  Stars  were  not  thought  of  till  the  attention 
of  Astronomers  was  called  to  them,  by  Sir  William 
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Herschel  publishing  his  Catalogues  in  the  Phil. 
-Trans,  for  1782  and  1785-^  since  that  time,  the  Art 
of  making  all  kinds  of  Telescopes  has  been  gradually 
improving,  and  both  the  Optical  and  Mechanical 
parts  of  them,  are  now,  made  very  much  better  than 
they  were  Thirty  years  ago. 

When  a Telescope  is  perfectly  adjusted,  — a very 
trifling  accident  will  derange  it  so  as  to  prevent  its 
properly  defining  a Star,  although  it  may  not  per- 
ceptibly affect  the  brightness  or  distinctness  of  the 
vision  of  it  with  any  other  object,  not  even  with  the 
Planet  Jupiter. 

Before  You  condemn  a Telescope,  because  it  does 
not  very  nicely  define  a Star, — try  it  several  Even- 
ings with  several  Eye-pieces,  taking  care  that  the 
Objects  of  your  Observation  are  near  to  the  Meri- 
dian— and  let  the  maker  of  it  {trust  it  with  no  other 
Person)  examine  whether  it  be  in  perfect  Ad- 
justment. — See  Chapter  XVIII.  of  TIints  for 
Choosing  Telescopes  and  Observing  Celestial  Ob- 
jects. 

Defects  in  Eye-glasses  are  seldom  suspected — (see 
page  317)  but  however  perfect  the  original  power 
of  the  Object-glass  or  Speculum  may  be,  it  will  avail 
little,  if  one  of  your  Eye-glasses  is  scratched,  or 
veiny,  &c.,  or  not  quite  clean,  or  they  are  not  exactly 

truly  centred  to  each  other,  or  to  the  Object-glass. 

See  7 Rules  for  the  construction  of  Eye-pieces,  in 
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p.  212. — Sir  Wm.  Herschel’s  Observation  in  p.  31  of 
the  95th  vol.  of  the  Phil.  Trans,  is  perfectly  true: — 

“ The  best  Eye-lens  w^ill  give  the  least  spurious 
diameter  of  a Star.’’ 

This  is  proved  by  Sir  Wm.  H.’s  Observation  of 
a Geminorum  on  the  8th  April,  1778 — (just  Three 
days  before  I was  born,)  “ with  222,  the  vacancy 
between  the  two  Stars  was  a little  more  than  1 dia- 
meter of  the  larger  Star  j with  227, 1|  diameter.” — 
See  Sir  Wm.  H.’s  Catalogue  of  Double  Stars,  in 
the  72d  vol.  of  the  Phil.  Trans,  p.  112,  &c.  The 
small  addition  of  only  5 times  in  the  Magnifying 
power,  could  not  have  produced  so  great  a difference 
an  the  distances  between  these  stars,  without  some 
other  cause  than  the  mere  variation  of  the  Magni- 
fying Power. 

i A Fixed  Star  of  the  first  magnitude  is  the  best 
criterion  of  the  degree  of  perfection  of  Telescopes ; as 
the  least  defect  in  the  figure,  or  adjustment  of 
the  metals  in  a Reflector,  or  of  the  object-glass  in 
a Refractor,  is  immediately  seen ; the  Star  not  ap- 
pearing round,  but  surrounded  by  false  lights  and 
little  flitting  luminous  accompaniments ; and  when 
You  are  panting  with  the  expectation  of  having  the 
pleasure  of  seeing  them  Bald  and  Clean  Shaved, 
they  will  present  themselves  in  Periwigs,  or,  like  a 
Beau  of  Twoscore  Years  ago,  with  Two  Curls  and 
a Twister. — See  page  94. 
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The  following  veiy  valuable  and  accurate  observa- 
tions of  Dr.  Herschel,  I have  copied  from  the  second 
part  of  the  Phil.  Trans,  for  1803,  as  they  are  highly 
interesting  to  all  observers  of  Double  Stars. 

“ From  a number  of  observations  and  experiments 
I have  made  on  the  subject,  it  is  certain  that  the  ap- 
parent Diameter  of  a Star,  in  a reflecting  telescope, 
depends  chiefly  upon  the  four  following  circum- 
stances : — the  aperture  of  the  mirror  with  respect  to 
its  focal  length;  the  distinctness  of  the  mirror;  the 
magnifying  power ; and  the  state  of  the  atmosphere 
at  the  time  of  observation. 

“ By  a contraction  of  the  aperture,  we  can  increase 
the  apparent  diameter  of  a star,  so  as  to  make  it 
resemble  a small  planetary  disk.  If  distinctness 
should  be  wanting,  it  is  evident  that  the  image  of 
objects  will  not  be  sharp  and  well  defined,  and  that 
they  will  consequently  appear  larger  than  they 
ought.  The  effect  of  Magnifying  potver  is,  to  occa- 
sion a relative  increase  of  the  vacancy  between  two 
stars  that  are  very  near  each  other ; but  the  ratio  of 
the  increase  of  the  distance  is  not  proportional  to 
that  of  the  power,  and  sooner  or  later  comes  lo  a 
maximum. 

“ The  state  of  the  Atmosphere  is  perhaps  the  most 
material  of  the  four  conditions,  as  we  have  it  not  in 
our  power  to  alter  it.  The  effects  of  moisture,  damp 
air,  and  haziness,  (which  have  been  related  in  a 
paper  where  the  causes  that  often  prevent  the  proper 
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action  of  mirrors  were  discussed,)  shew  the  reason 
why  the  apparent  distance  of  a double  star  should 
he  affected  by  a change  in  the  atmosphere. 

” The  alteration  in  the  diameter  of  Arcturus,  ex- 
tending from  the  first  to  the  last  of  the  ten  images 
of  that  star,  in  the  plate  accompanying  the  above- 
mentioned  paper*,  shews  a sufficient  cause  for  an 
increase  of  the  distance  of  two  stars,  by  a contrac- 
tion of  their  apparent  disks.  A skilful  observer, 
however,  will  soon  know  what  state  of  the  air  is 
most  proper  for  estimations  of  this  kind . 

“ I have  occasionally  seen  the  two  stars  of  Castor, 
I'rom  one  and  a half,  to  two,  and  two  and  a half 
diameters  asunder ; but  in  a regular  settled  tempe- 
rature and  clear  air,  their  distance  was  always  the 
same.  The  other  three  causes  which  affect  these 
estimations,  are  at  our  own  disposal : an  instance  of 
this  will  be  seen  in  the  following  trial.  I took  ten 
different  mirrors  of  seven  feet  focal  length,  each 
having  an  aperture  of  6.3  inches,  and  being  charged 
with  an  eye-glass  which  gave  the  telescope  a magni- 
i'ying  power  of  460.  With  these  mirrors,  one  after 
another,  the  same  evening,  I viewed  the  two  stars  of 
our  double  star ; and  the  result  was,  that  with  every 
one  of  them  the  stars  were  precisely  at  an  equal 
distance  from  each  other.  These  mirrors  were  all 
sufficiently  good  to  shew  minute  double  stars  well 

» See  PUU.  Trans,  for  1803,  p.  232,  Plate  cxi. 


DOUBLE  STARS. 


421 


and  .such  a trial  will  consequently  furnish  us  with  a 
proper  criterion,  by  which  we  may  ascertain  the 
goodness  of  our  telescope,  and  the  clearness  of  the 
atmosphere  required  for  these  observations. 

To  those  who  have  not  been  long  in  the  habit  ’ 
of  observing  double  stars,  it  will  be  necessary  to 
mention,  that,  when  first  seen,  they  will  appear 
nearer  together  than  after  a certain  time  ; nor  is  it 
so  soon  as  might  be  expected,  that  we  see  them  at 
their  greatest  distance.  I have  known  it  take  up 
two  or  three  months,  before  the  eye  was  sufficiently 
acquainted  with  the  object  to  judge  with  the  requisite 
precision.” 

A Star  will  not  appear,  in  any  Telescope,  with  a 
sharply  defined  disk,  like  a Planet,  hoAvever  beauti- 
fully perfect  the  Instrument  is,  until  the  Magni- 
fijing  Power  is  in  a certain  proportion  to  the  inumi- 
nating  Power,  to  produce  such  an  appeiarance,  you 
must  either  increase  the  Magnifying,  or  diminish 
the  Illuminating,  power  of  the  Telescope,  by  con- 
tracting its  aperture.  — See  Sir  W.  H.’s  Observation 
on  Castor,  in  the  Chapter  of  Double  Stars. 

In  a good  Achromatic  of  2 feet  focus,  and  l^^^ths 
inch  aperture,  and  power  of  100,  I have  seen  Castor 
well  defined,  like  two  tiny  Jupiters;  but  in  an  equally 
perfect  3^  feet,  with  an  aperture  of  2|ths  inches, 
it  required  a power  of  180  to  give  that  clean,  cir- 
cumscribed, and  decided  disk  to  it  — but  when 
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limited  to  the  same  aperture  as  the  2 feet,  with  the  ; 
same  power  of  100,  it  shewed  the  Star  neater  than  j 
the  2 feet  shewed  it  with  that  power.— See  the  j 
comparison  of  a 5 feet  and  3|,  in  page  289  of  the  , 
' Chapter  on  Illuminating  Power. 

As  a general  Rule,  when  you  wish  a Stak  to 
appear  with  a clean  circumscribed  disk,  like  a Planet, 
the  pencil  of  Rays  must  not  be  more  than  the  80th 
of  an  inch  in  diameter— that  is  to  say,  the  power 
given  by  setting  down  the  aperture  of  the  Object- 
glass  in  tenths  of  inches,  and  multiplying  that  sum 
by  8,  or  the  Speculum  of  a Reflector  by  5 or  6. 


FROM  DR.  HERSCHEL’s  EXPERIMENTS  FOR  AS- 
CERTAINING THE  REAL  FROM  THE  SPURIOUS 
diameters  of  CELESTIAL  AND  TERRESTRIAL 
OBJECTS. 

[Phil.  Trans,  vol.  xcv.  p.  31.] 

(7.)_This  shews,  that  when  the  aperture  of  the 
telescope  is  lessened,  it  will  occasion  an  increase  of 
the  spurious  diameters,  and  when  increased  will 
reduce  them. 

« (8.)— It  also  shews,  that  the  increase  and  de- 
crease of  the  spurious  diameters,  by  an  alteration  of 
the  aperture  of  the  telescope,  is  not  proportional  to 
the  diameters  of  the  stars. 
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“ (9.) — But  that  this  alteration  acts  more  upon 
small  spurious  diameters,  and  less  upon  large  ones.” — 
Phil.  Trans. 

“ The  best  eye-lens  will  give  the  least  spurious 
diameter. — (p.  43.) 

" Oct.  12,  1782. — I tried  a new  plain  speculum, 
made  by  a very  good  workman,  and  found  that  when 
I viewed  a Geminorum  with  460,  the  vacancy  be- 
tween the  two  stars  was  barely  1^  diameter;  but  the 
same  telescope  and  power,  with  my  own  small  spe- 
culum, made  the  distance  2 diameters,  so  that  the 
figure  of  this  mirror  affects  the  spurious  diameters  of 
stars. — (p.  44.) 

-Eorp.  Measures  of  the  comparative  amount 
of  the  spurious  diameters,  produced  by  the  inside 
and  outside  rays. 

“ I divided  the  aperture  of  the  mirror  into  two 
parts,  one  from  0 to  4’4,  and  the  other  from  4'4  to 
8' 8 inches. 

“ When  I measured  the  spurious  diameter  of  a 
Globule,  the  inside  rays  made  it  40 ; with  all  the 

mirror  open  it  was  31 ; and  with  the  outside  rays  it 
was  22. 

“ (14.)— From  this  we  may  conclude,  that  the  dia- 
meters given  by  the  inside  rays,  by  all  the  mirror 
open,  and  by  the  outside  rays,  are  in  an  arithmetical 
progression ; and  that  the  inside  rays  will  give  nearly 
double  the  diameter  given  by  the  outside. — p.  54. 
23c/  Exp.  I examined  « Geminorum  with  410, 
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and  with  the  outside  rays  the  stars  were  considerably 
unequal,  and  Ij  of  the  largest  asunder.  With  all 
the  mirror  open  they  w'ere  more  unequal,  and  H 
diameter  of  the  largest.  With  the  inside  rays  they 
were  very  unequal,  and  l|^ths  of  the  largest 
asunder. — P.  55  of  Dr.  Herschel’s  Paper,  of  vol.  xcv. 
of  the  Phil.  Trans.,  being  “ Experiments  for  ascer- 
taining how  far  telescopes  will  enable  us  to  deter- 
mine very  small  angles,  and  to  distinguish  the  real 
from  the  spurious  diameters  of  celestial  and  terres- 
trial objects,”  8cc.  &c. 

The  following  letter  from  William  Walk  eh, 
the  Astronomer,  to  the  Author,  is  an  interesting 
communication  respecting  Double  Stars. 

“ Manor  House,  Hayes,  Middlesex, 
17lli  August,  1803. 

“ Dear  Sir, 

“ I this  morning  received  your  proof 
of  THE  Moon,  which  is  very  like,  and  very  prettily 
executed. 

“ Having,  previously  to  the  year  1791,  had  many 
proofs  of  the  excellence  of  my  achromatic  telescope*, 
(which  was  made  by  Dollond,  and  is  of  2|ths  inches 
aperture,  and  44  inches  focus,)  I was  determined,  in 
that  year,  to  ascertain  whether  it  would  not  discover 

* Which  was  purchased  at  Mr.  Walkers  Sale  by  Henry 
Browne,  Esq.  F.R.S. 
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to  me  the  minutest  objects  in  the  heavens  : and  on 
Sept.  9,  1791,  after  having  been  exposed  with  the 
instrument  near  an  hour  in  an  open  garden  with  the 
negative  power  of  180,  I readily  saw  s Bootis  double. 

“ On  the  11th  Sept.  i Bootis,  and  ?j  Corona  Bo- 


realis, thus 


“ 25th  Sept.  I saw  them  again  decisively  as  above, 
and  shewed  them  to  two  or  three  friends,  who  were 
in  the  habit  of  using  telescopes  to  celestial  purposes : 
and  who  readily,  without  any  indication  from  myself, 
pointed  out  on  which  side  the  small  stars  were  situ- 
ated in  these  two  most  delicate  and  difficult  objects. 

“ 26th  Sept.,  three  satellites  of  Saturn — the  sha- 
dow of  the  ring  on  the  planet — and  a Belt — d Ser- 
pentis,  d Herculis — the  Pole  star — / Bootis,  and 

h Draconis,  thus  powers  423,  single  eye-glass, 

and  180  and  133  negative  powers. 

£ Lpra  is  too  distinctly  double-double  to  be 
worthy  of  notice. 


“ Sept.  30th,  2 in  the  morning,  Rigel  thus 
power  133.  The  star  in  Monoceros  right  fore  foot 
treble,  thus  powers  133,  180,  and  423. 


I think  your  idea  a very  good  one  of  shewing  the 
comparative  appearances,  positions,  and  distances, 
of  the  small  Double  Stars,  by  the  power  of  180,  in 
a 44  inch  Telescope ; and  it  might  be  added,  that 
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this  was  merely  for  ascertainment  of  their  relative 
distances  : so  that  if  it  was  mentioned  afterwards 
with  what  power  each  Star  was  best  seen,  any  person 
anxious  on  the  subject  might  repeat  the  experiment. 

“ I fear  you  will  find  no  Micrometer  capable  of 
measuring  the  distances  of  these  most  faint  objects. 

“ I beg  my  compliments  to  Mrs.  K.  and  my  young 
friend ; and  remain,  dear  Sir, 

“ Yours  very  truly, 

“ W.  Walker.” 

To  see  the  separation  between  the  two  Stars  of 
»)  Coronce,  now,  requires  not  only  a very  perfect  but 
a very  large  Telescope,  and  most  favourable  circum- 
stances. 

Many  a Star-gazer  has  bravely  turned  out  on  a 
bitter  cold  night,  and  stared  at  Coronce,  till  every 
particle  of  his  patience  and  caloric  have  been  fairly 
frozen  out,  (and  his  Eyes  have  cried  for  mercy,) 
without  catching  a glimpse  of  this  delicate  object. 

In  July  1825,  I tried  to  see  n Coronce  with  an 
Achromatic  of  2|ths  inches  aperture,  made  by 
Mr.  Tulley  for  Mr.  Thomas  Tomkison,  which  I 
thought  as  perfect  a Telescope  as  I ever  saw,  but  it 
would  not  shew  this  Star  double,  neither  has  any 
Achromatic  ever  shewn  it  to  me  double. 

I have  heard  of  several  Astronomical  Amateurs 
being  sufficiently  unhappy  because  they  cannot  see 
this  Star,,  and  have  doubted  whether  it  was  ever 
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visible;  thinking  the  reason  they  could  not  see  it 
was,  (as  Puff  says  in  the  Critic)  because  it  was  not 
in  sight. 

Mr.  Peter  Dollond,  who  had  as  good  and  as 
well-educated  an  Eye  as  perhaps  ever  Man  had,  told 
me,  that  about  35  years  ago,  he  saw  this  star  dis- 
tinctly double,  in  Sir  William  Herschel’s  7 feet 
Newtonian  Reflector. 

If  the  Stars  have  approached  each  other  during 
the  last  35  j^ears,  in  the  same  degree  that  the  two 
stars  of  Castor  have  separated  from  each  other,  it  is 
no  wonder  they  are  not  now  very  easily  definable, 
and  have  become  almost  inseparable. 

I read  the  above  to  the  late  Mr.  Peter  Dol- 
LOND,  on  the  14th  February,  1818,  who  replied, 
“ Yes,  that  is  all  true  enough ; I saw  it  in  Dr. 
Herschel’s  7 feet  Newtonian,  which  had  an  Aperture 
of  flyj^ths  inches,  on  the  Terrace  at  the  Royal  Ob- 
servatory at  Greenwich.”  Mr.  D.  expressed  himself 
much  pleased  with  what  I read  to  him.  He  appeared 
very  cheerful,  said  that  “ his  Health  was  good,  only 
that  his  Sight  was  almost  quite  worn  out  in  the 
service  of  Optics — and  that  he  was  then  within  a 
fortnight  of  completing  his  87th  year.” 

See  Mr.  Herschel  and  Mr.  South’s  Observa- 
tions of  this  Star,  in  page  376,  and  Mr.  Pulley’s 
Letter,  in  page  296 — Mr.  Mosely’s,  in  page  145 — 
and  Sir  Wm.  Hersciiel’s  particular  directions  for 
Observing  it,  in  page  397  of  this  Book. 
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For  defining  Double  Stars,  liejiecting  Tele- 
scopes, when  made  with  due  care  for  that  especial 
purpose,  have  a decided  advantage  over  Refracting 
Telescopes,  even  if  the  Illuminating  and  Magnifying- 
Power  of  the  two  Instruments  are  equal — in  as 
much  as  the  Reflectors  give  a Smaller  Image  of  a 
Star. — See  the  last  paragraph  of  page  297 — and  Sir 
Wm.  H.’s  Obs.  in  page  384. 

That  Reflecting  Telescopes  are  uncertain  in  their 
action — extremely  apt  to  get  Oiit  of  Adjustment — 
and  are  soon  tarnished  and  spoilt,  are  very  Vulgar 
Errors — ^.  e.  unless  they  are  in  a Wooden  Tube — 
if  the  Speculums  are  properly  fitted  in  Brass  Tubes, 
and  are  kept  as  carefully  from  damp  air  as  a Re- 
fractor requires  to  be,  they  are  as  uniform  in  their 
action  as  Achromatics  are. 

I have  had  Gregorian  Telescopes  made  by  Mr. 
Watson  and  Messrs.  Tulley,  in  use'  for  20  years,  and 
they  are  in  quite  as  perfect  condition  and  adjust- 
ment now,  as  they  were  when  first  finished. — All 
the  attention  that  Reflectors  require,  is  to  be  ex- 
posed to  the  air  for  15  or  20  minutes  before  they 
are  used — and  to  be  carefully  covered  up  aftericards. 

Many  of  the  Telescopes  which  I have  heard  called 
Out  of  Adjustment — I know  were  never  in — but 
originally  bad  Instruments  which  no  Adjustment 
could  improve. — See  IVote  at  the  foot  of  page  343. 

The  change  of  the  relative  Magnitude  of  the  Small 
Stars  which  accompany  Rigel — the  Pole  Star,  5cc. 
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as  seen  with  a Telescope  of  greater  or  less  Magni- 
tude, arises  from  the  fainter  points  of  Light  be- 
coming more  visible,  in  proportion  as  they  are  more 
Illuminated  by  a larger  Telescope — while  the  dia- 
meter of  the  Larger  Star,  which  had  sufficient 
intrinsic  brightness  to  be  perfectly  visible  with  an 
aperture  of  3 inches,  continues  the  same  with  an 
aperture  of  4 inches,  or  any  larger  aperture. 

With  an  equal  Magnifying  power,  the  small  Stars 
near  Rigel,  and  the  Pole  Star,  appear  considerably 
larger  in  my  5 feet  Achromatic,  with  an  Aperture  of 
3y®jyths  Inches,  than  they  do  with  my  3|  feet,  with 
an  Aperture  of  2^^jyths  Inches — what  appeared  in 
the  3|  feet  as  a mere  point  of  Light,  and  was  only 
visible  at  intervals  — in  the  5 feet  was  constantly 
.and  easily  seen— (see  Obs.  on  Rigel)  — hot  the 
. Large  Stars  appeared  of  the  same  size.  This  Ob- 
servation is  a very  happy  illustration  of  the  effect 
of  Illuminating  Power. 

The  Colour  of  Blue  Stars  appears  stronger  as  the 
Telescope,  is  larger,  and  is  strongest  in  Reflecting 
Telescopes.— See  pp.  277  and  458. 

The  reader  may  depend  upon  the  truth  of  these 
as.'sertions  : it  is  not  only  the  opinion  of  the  “ Cook’s 
Oracle,”  but  was  confirmed  to  me  by  an  Optician, 
who  made  some  of  the  best  Telescopes  in  the  world’, 
after  he  had  had  more  than  half  a Century’s  expe- 
rience. 

Sir  W»i.  II jiR.scHEL,  in  his  Obs.  of  e Bootis,  in  the 
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Phil.  Trans,  vol.  xcv.  p.  42,  relates,  that  he  saw  it  j 
“ half  a diameter  of  the  small  Star,  distinctly  separate 
from  the  larger  Star,  with  his  7 feet  Newtonian, 
when  the  Aperture  was  limited  to  only  3^  inches, 
power  460.” — See  my  Ohs.  of  this  Double  Star,  wdth 
a Gregorian  of  4 inches  Aperture,  in  pp.  297  and 
458  of  this  Book. 

“ The  Newtonian  Reflectors,  on  the  plan  of  my 
7 feet  one,  as  I have  found,  will  give  a much  smaller 
image  of  the  Stars  than  the  46  Inch  Refractors. — 
Two  Stars,  which,  in  Refractors,  as  it  were,  run  into 
each  other,  will  in  the  Reflector  remain  separate.” — 
Sir  W.  H.  in  Phil.  Trans,  vol.  Ixxv. 

Not  One  Instrument  in  Tioenty,  of  any  con- 
struction, can  be  made  to  give  a neat  Image  of  a 
Star  with  its  whole  Aperture, — and  not  Two  of  Them 
will  give  quite  so  sharply  defined  an  Image  w'ith  the 
Whole  Aperture  as  when  it  is  to  a certain  degree 
contracted. 

I do  not  think  that  any  Achromatic  of  2|ths 
inches  Aperture,  and  3|  feet  focus,  can  be  made  to 
shew  Small  Stars  similar  to  that  which  accompanies  ■ 
Rigel  so  plainly, — or  to  give  quite  so  neat  an  image  ■ 
of  a large  Star  with  the  whole  of  that  Aperture,  as  a 
fine  5 feet  of  3|ths  Aperture  will  when  it  is  limited  i 
to  2|ths — I have  never  seen  one  that  approximated! 
within  some  degrees  of  it. 

The  more  perfect  vision  in  the  5 feet,  is  partly  to  > 
be  attributed  to  the  greater  original  powder  of  its- 
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longer  Object-Glass,  and  to  its  longer  Eye-Glasses — 
(see  page  289) — but  what  I have  asserted  is  true 
of  Telescopes  of  equal  length ; though  the  improve- 
ment from  contracting  the  aperture  is  not  in  so  high 
a ratio. 

“ If  the  Aperture  of  a Telescope  be  5 or  6 inches, 
there  will  be  required  a piece  of  Metal  7 or  8 inches 
broad  at  least,  because  the  figure  will  scarcely  be 
true  to  the  edges.” — See  Sir  Isaac  Newton’s 
Letter  to  the  Secretary  of  the  Phil.  Trans.,  March 
26,  1672,  vol.  vii.  p.  4032. 

It  may  be  supposed  that  Speculums  are  now 
worked  with  more  accuracy  than  when  “ the  Op- 
tician’s Oracle,”  Sir  I.  Newton,  wrote  the  above; 
however,  I have  not  yet  seen  a Reflecting  Telescope 
of  7 Inches  Aperture,  which  did  not  define  Stars 
better  when  it  was  contracted  in  a certain  degree  : 
but  this  I attribute  as  much  to  want  of  liberality  in 
the  Purchasers,  and  to  want  of  industry  in  the 
Makers,  as  to  any  ungetoverable  obstacle  in  the 
working  of  the  metals. 

I had  in  my  possession  for  Two  Years  Mr.  Au  beet’s 
favourite  Achromatic,  of  3^®„ths  Aperture,  which  was 
a brilliant  Day-Telescope,  and  with  it  I saw  Planets 
very  well — but  could  not  see  Rigel  distinctly,  until 
its  Object-Glass  was  limited  to  2Jths  inches — with 
S^^ths  the  small  Star  accompanying  Rigel  was 
enveloped  in  the  false  light  from  the  large  one ; — 
with  S^^jths  inches  it  was  not  much  better — but 
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with  2|ths  inches,  the  little  Star  was  distinctly 
and  easily  visible,  and  it  exhibited  s Booth  — 
y Leonis,  &c.  as  well  as  I have  seen  them  in  any 
Telescope  of  2|ths  inches  Aperture. — See  Sir  W. 
H.’s  Introductory  Remarks  to  his  Second  Cat.  of 
Double  Stars — and  page  383  of  this  Book. 

If  your  Telescope  does  not  define  Stars  so  well  as 
you  wish — make  a pasteboard  cover  for  the  Object- 
end,  with  an  Aperture  of  T?oth  of  an  Inch  less  than 
that  of  the  Telescope — and  if  that  be  too  large, 
contract  it  by  lOths  till  the  Image  of  a Star  is  neatly 
defined . 

Very  few  persons,  however,  require  Telescopes  for 
this  purpose.  Objects  which  are  so  severe  a test  of 
a Telescope  are  as  severe  a trial  to  the  Sight — and 
those  who  have  due  regard  for  their  Eyes,  forbear 
from  straining  them  by  all  needless  exertions  : and 
the  greatest  exertion  of  the  Eye  I know  of,  is  that  of 
trying  to  see  difficult  Double  Stars  with  Telescopes 
so  small,  that  they  have  not  enough  Illuminating 
power  to  render  the  vision  easy. 

. Of  all  the  inventions  for  injuring  our  Eyes  that 
fashion  and  folly  have  ever  invented,  none  impairs 
them  so  rapidly  and  so  irreparably  as  staring  at 
Stars  which  are  difficult  to  see,  with  Tiny  Telescopes 
that  it  is  difficult  and  generally  impossible  to  see 
them  with.— See  pp.  3,  40,  and  216. 

When  I was  45  years  old,  I was  indiscreet 
enough  to  employ  some  hours  during  several  Nights, 
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in  looking'  so  intently  through  Reflecting  and 
Achromatic  Telescopes,  endeavouring  to  ascertain 
the  comparative  Illuminating  powers  of  various 
Instruments,  and  the  efiect  of  variously  constructed 
Magnifiers*,  for  shewing  the  Division  in  the  Ring 
of  Saturn,  and  for  separating  some  of  the  faintest 
and  closest  Double  Stars,  that  my  Eye  became 
extremely  tired,  and  the  sharpness  of  my  Sight  was 
sensibly  impaired, — for  two  or  three  days  after,  I 
hardly  knew  any  face  that  was  20  feet  from  me, 
and  became  so  much  alarmed  about  my  Eye,  (I 
have  only  One,)  that  I mentioned  it  to  an  eminent 
Optician,  who  did  not  then  live  quite  a Thousand 
Miles  from  St.  Paul’s,  who  said,  " Don’t  be  uneasy ; 
the  same  thing  has  happened  more  than  once  to 
myself,-  your  Eye  has  been  over-worked,  give  it  a 
few  days’  Rest,  and  I dare  say  it  will  soon  come 
round  again.” — His  prediction  speedily  proved  true. 

One  of  the  tests  to  which  I put  my  Eye, 
and  my  5 feet  Achromatic,  which  has  a double 
Object-glass  of  3f^ths  aperture,  — was,  to  ascer- 
tain with  how  Low  and  how  High  a power  1 
could  see  the  Small  Star  near  the  Pole  Star.— See 
Pole  Star,  page  447. 

Over-exercise  of  the  Ryes,  will  occasion  a tem- 
porary exhaustion  of  them,  in  like  manner  as  over- 

Some  of  these  Experiments  are  related  in  page  57,  and 
the  nine  following  pages,  and  the  consequence  of  the  repetition  of 
such  hard  Eye-work,  at  page  3. 
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exercise  of  the  Legs  will  disable  a person  from  walk- 
ing with  his  wonted  energy  till  Rest  restores  vigour 
to  him. 

I have  often  heard  people  complain  of  their  Eyes 
being  out  of  temper  for  several  days,  after  being 
exposed  to  the  glare  of  the  Lamps  at  a Theatre,  &c. — 
from  being  fatigued  by  sitting  up  after  their  accus- 
tomed Hour,— or  from  other  causes  which  distressed 
their  Nervous  System,  and  put  their  Organs  of 
Digestion  out  of  tune,  when  Nervous  Dimness  of 
the  Sight  is  as  common  as  Nervous  Deafness. 

The  effective  state  of  the  Eyes,  like  that  of  every 
other  sense  and  fibre  of  our  frame,  depends  upon 
that  of  the  Circulation, — which  depends  upon  the 
vigour  of  our  Heart,  and  that  upon  the  strength  of 
the  Stomach,  and  the  more  or  less  stimulafing 
Quality,  and  the  Quantity  of  the  material  that  it  is 

supplied  with. 

I have  mentioned  my  own  case  of  Dimness  of 
Sight  in  the  preceding  page,  because  I believe  many 
Persons,  from  the  want  of  such  a hint,  have  greatly 
injured  their  Eyes,  by  having  been  induced,  by 
similar  Symptoms,  to  put  on  Spectacles  sooner  than 
Nature  wished  that  they  should,— in  such  cases. 
Rest  is  the  best  Remedy. 

N.B.  This  subject  is  more  fully  explained  in  the 
First  Part  of“  The  Economy  of  the  Eyes.” 
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7 ANDROMED-E. 

I have  several  times  seen  this  pretty  Double  Star, 
with  a 1 foot  Achromatic,  of  of  ^och 

Aperture,  and  a Magnifying  power  of  35.  In  these 
little  Telescopes,  the  Smaller  Star,  which,  with  a 
Larger  Instrument,  and  a larger  power,  appears  of 
a Blue  colour — appeared  of  the  same  Colour  as  the 
Larger  Star,  which  it  does  in  the  largest  Telescope 
until  it  magnifies  about  60. 

The  greater  the  Illuminating,  and,  up  to  a certain 
degree,  the  Magnifying  power  of  a Telescope,  the 
luore  vivid  appears  the  Blue  colour  of  the  Smaller 
Star,  as  I have  remarked  of  s Bootis: — The  Blue 
Colour  of  the  Stars  accompanying  this  Star  and 
s Bootis,  becomes  vivid  in  proportion  to  their  proxi- 
mity to  the  Meridian,  and  the  Magnitude  and  the 
Perfection  of  our  Telescopes. 

It  is  easily  visible  in  a 30  Inch  Achromatic,  of 
‘2  inches  Aperture,  with  80 — best  with  150;  and 
in  a Gregorian  Reflector  of  three  Inches  aperture. 

In  a 5 feet  Achromatic,  of  3^®^ths  Aperture,  is 
best  with  250  : — in  this  Telescope,  with  44,  it  was 
plainly  separate,  but  the  Smaller  Star  appeared 
white — with  60,  a very  pale  Blue — its  Colour  became 
deeper  with  100— and  with  250  it  was  Deepest,  and 
the  Two  Stars  best  defined. 
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SIR  WM.  HERSCHEL  ON  7 ANDROMEDiE. 

Third  Class  of  Double  Stars. 

“ 5.  * 7 Andromedse,  FI.  57.  Supra  pedem  sinis- 
trum. 

“ Aug.  25. — Double.  Very  unequal.  L reddish 
w ; S fine  light  sky-blue,  inclining  to  green.  Dis- 
tance 9”.254  a mean  of  2 years’  observations.  Po- 
sition 19°  37'  n.  following.  A most  beautiful  object. 

“ This  double  Star  is  one  of  the  most  beautiful 
Objects  in  the  Heavens.  The  striking  difference  in 
the  colour  of  the  two  Stars,  suggests  the  idea  of  a 
Sun  and  its  Planet,  to  which  the  contrast  of  their 
unequal  size  contributes  not  a little.  See  Dr.  H. 
in  Phil.  Trans,  for  1804,  vol.  xciv.  p.  364. 

-4 

a GEMINORUM 

requires  very  little  Illuminating  Power:  I have 
shewn  it  to  several  persons  who  did  not  know  that 
it  was  a Double  star,  with  the  1 foot  portable  Tele- 
scope, in  sliding  tubes,  with  an  Object-glass  of  the 
usual  aperture  of  l^Vh  inch  in  diameter,  to  which  I 
applied  a Pancratic  Eye-tube,  which  gave  a power 
of  80  times,  and  they  described  to  me  its  appeamnce 

very  accurately. 
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On  the  25th  of  March,  1819,  Mr.  Pierce,  the 
Optician,  with  a Pancratic  Eye-tube,  which  made 
a 1 foot  Achromatic  magnify  80  times,  perceived 
t*  Geminorum  to  be  double. 

On  the  5th  of  April,  1819,  I shewed  this  with  a 
power  of  80  to  Mr.  Wm.  Brockedon,  the  Painter, 
and  to  Mr.  Charles  Turner,  the  Mezzotinto  Engraver 
in  Ordinary  to  His  Majesty. 

Castor  being  so  easily  and  distinctly  visible  in  a 
small  Telescope,  provided  the  instrument  be  good, 
is  an  excellent  test  of  defining  power,  and  of  the 
comparative  effect  of  various  Magnifying  powers  in 
various  Telescopes,  which,  if  they  are  excellent, 
should  shew  it  as  it  is  represented  in  Sir  Wm. 
Herschel’s  diagram  in  the  Frontispiece  to  this  book. — 
See  Obs.  on  Seeing  Double  Stars,  at  page  415. 

1824,  May  10th.  Dumpy  Gregorian,  by  Cuth- 
bert,  2 inches  aperture,  and  4 inches  focus.  Castor 
very  distinctly  double,  w'ith  80  and  130. 

On  the  20th  May,  1824,  I saw  the  two  Stars  of 
a Geminorum  in  an  Achromatic  Telescope,  with  a 
Double  Object-glass  of  28  inches  focus,  and  2|ths 
inches  aperture  — with  a Single  Double  Convex 
Lens  of  .j^^th  of  an  inch  focus,  which  produced 
a Magnifying  Power  of  280— as  distinctly  de- 
fined as  Two  Shillings  on  a bit  of  Black  Cloth,  and 
they  appeared  to  be  about  the  distance  from  each 
other  represented  in  the  Diagram. — See  Sir  Wm, 
Hersciiel’s  Diagram  of  Castor,  as  it  appeared  in 
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his  7 feet  Newtonian  with  460,  in  the  Phil.  Trans. 
for  1782,  and  in  the  Frontispiece  to  this  Book. 

This  Double  Star  is  best  in  my  46  Inch,  eind  5 
feet  Achromatic,  with  350. 

1824,  May  9th.  Watson’s*  Gregorian,  4 Inches 
Aperture,  and  II  Inches  focus — with  260,  Cantor 
appears  more  separate,  and  the  Diameters  of  the 
Stars  appear  less  than  with  an  excellent  3J  feet 
Achromatic,  of  2|ths  inches  Aperture. — See  p.  297. 

See  Ohs.  on  Castor,  in  Mr.  Herschel  and  Mr. 
South’s  Paper  on  Double  Stars,  in  the  P-hil.  Trans. 
for  1825,  p.  103. 

sir  william  herschel  on  castor. 

“ Second  Class  of  Double  Stai's. 

“ 1.  t a Geminorum,  FI.  66.  In  capite  praece- 
dentis  IP. 

“ April  8,  1778. — Double.  A little  unequal. 

Both  w.  The  vacancy  between  the  two  stars,  with  a 
power  of  146,  is  1 diameter  of  S j with  222,  a little 
more  than  1 diameter  of  L;  with  227,  IJ  diameter 
of  S ; with  460,  near  2 diameters  of  L {see  fig.  6); 
with  754,  2 diameters  of  L ; with  932,  full  2 dia- 
meters of  L 5 witl|.  1536,  very  fine  and  distinct,  3 
diameters  of  L;  \Vith  3168,  the  interval  extremely 
large,  and  still  pretty  distinct.  Distance  by  the 
micrometer  5".  156.  Position  32°  4/  n.  preceding. 

* Mr,  Watson’s  address  is  No.  14,  Buckingliam  Street,  Strand. 
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These  are  all  a mean  of  the  last  2 years’  observations, 
except  the  first  with  146. 

“ From  my  earliest  observations  on  the  distance 
of  the  two  stars,  which  make  up  the  double  star  in 
the  head  of  Castor,  given  in  the  first  of  my  cata- 
logues of  Double  Stars,  we  find,  that  about  twenty- 
three  years  and  a half  ago,  they  were  nearly  two 
diameters  of  the  large  star  asunder. 

“ These  observations  have  been  regularly  con- 
tinued, from  the  year  1778  to  the  present  time,  and 
no  alteration  in  the  distance  has  been  perceived  : the 
stars  are  now  still  nearly  two  diameters  of  the  large 
one  asunder.” — See  page  420. 

“ By  an  Observation  of  the  10th  of  May,  1781, 
we  have  the  diameter  of  the  largest  of  the  two 
stars  to  that  of  the  smallest,  as  6 to  5.” — See  Dr. 
Herschel’s  Paper  in  Phil.  Trans,  for  1803,  vol.xciii. 
pp.  345,  6,  and  7. 


e LYR-E. 

£ Lyrse  is  easily  seen  double,  with  an  Achromatic 
Opera-glass,  with  an  Aperture  of  1|  inch,  which 
magnifies  5 times — with  which  it  appears  like  Castor, 
in  my  5 feet  Achromatic,  when  it  magnifies  450. 
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SIR  WILLIAM  HERSCHEL  ON  c LYR^, 

“ 5 et  6,  * £ Lyras,  FI.  4 and  5. 

“ Aug.  29. — A very  curious  double-double  star. 
At  first  sight  it  appears  double  at  some  considerable 
distance,  and  by  attending  a little,  we  see  that  each 
of  the  stars  is  a very  delicate  double  star.  The  first 
set  consists  of  stars  that  are  considerably  unequal. 
The  stars  of  the  2d  set  are  equal,  or  the  preceding  of 
them  rather  larger  than  the  following.  The  colour 
of  the  stars  in  the  first  set  L very  w ; S a little  in- 
clining to  r.  In  the  2d  set  both  w.  The  interval 
between  the  stars  of  the  unequal  set,  with  a power 
of  227,  is  full  1 diameter  of  L;  with  460,  near  \\ 
diameter  of  L;  with  932,  full  1^  diameter;  with 
2010,  2 id  diameters.  The  interval  between  the 
equal  set,  with  a power  of  227,  is  almost  li^  diameter 
of  either;  with  460,  full  Ifths  diameter ; with  932, 
2 diameters  ; with  2010,  2|  diameters.  These  esti- 
mations are  a mean  of  2 years’  observations.  Posi- 
tion of  the  unequal  set  56°  0'  n.  following.  Position 
of  the  equal  set  72°  57' s.  following. 

“ £ Lyra.  II,  5 and  6. 

“ This  remarkable  double-double  star  has  under- 
o’one  a change  of  situation  in  each  double  star  se- 
parately, which  is  not  very  considerable,  but  deserves 
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our  notice,  on  account  of  a certain  similarity  in  the 
.^directions  of  the  alteration.  The  position  of  II,  5, 
Nov.  2,  1779,  was  56°  5'  north-following ; and,  by  a 
mean  of  three  observations,  taken  Sept.  20,  1802, 
May  26  and  29,  1804,  it  was  59°  14' ; which  gives 
a change  of  3°  9' ; the  motion  of  the  angle  being 
retrograde.  The  position  of  II,  6,  on  the  same  days, 
was  83°  28',  and  75°  35',  south-following.  - This 
gives  a difference  of  7°  53' ; the  motion  being  also 
retrograde.” — Dr.  H.  in  PhiL  Trans,  vol.  xciv. 
p.  374. 

4- — 

K HERCULIS. 

June  12th,  1824.— 30  Inch  Achromatic,  2 Inches 
Aperture,  with  72,  the  small  Star  just  discernible; 
with  95,  more  easily  seen;  with  130,  more  separate  ; 
with  a 30  Inch,  with  2§ths  Aperture,  the  Blue  Star 
much  better  seen. 

SIR  WILLIAM  HERSCHEL  ON  a HERCULIS. 

“ 2.  t a Herculis,  Fl.  64.  In  capite. 

“ Aug.  29,  1779. — A beautiful  double  star.  Very 
unequal.  L r;  Sblue  inclining  to  green  ; the  colours 
with  every  power  the  same.  The  interval  with  222, 
l|ths  diameter  of  L;  with  227,  above  2 diameters 
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of  L ; with  932,  above  3 diameters  of  L.  Distance 
4" .966.  All  a mean  of  2 years’  observations.  A 
single  measure  with  my  last  new  micrometer,  from 
centre  to  centre,  4"  34'".  Position  30°  35'  s.  fol- 
lowing.” 

In  Sir  Wm.  Herschel’s  introductory  Remarks  to 
his  First  Catalogue  of  Double  Stars,  in  vol.  Ixxii. 
of  the  Phil.  TranSi  he  says,  “ The  little  Star  which 
is  near  a Ilerculis,  by  some,  to  whom  1 have  shewed 
it,  has  been  called  Green,  and  by  others  Blue.” 


“ a Herculis.  II,  2*. 

“ The  two  stars  of  this  double  star  have  under- 
gone a considerable  change  in  their  angle  of  position. 
By  a measure  taken  May  20,  1781,  it  was  21°  28' 
south-followingt.  April  3,  1783,  two  measures  gave 
25°  29'.  A mean  of  two  measures,  taken  Feb.  21 
and  March  4,  1802,  was  31°  38'.  By  five  measures, 
taken  in  1803,  and  the  beginning  of  1804,  it  was 
31°  54'  ; and  June  3,  1804,  by  a very  accurate 

'*  “ The  numbers  after  the  name  of  the  star,  refer  to  my  (Sir 
Wm.  H.’s)  Catalogues  of  double  Stars,  published  in  the  Pbilo- 
sop/iical  Tra7isactions.  Tor  instance,  II,  2,  denotes  that  a Her- 
culis is  the  2d  star  in  the  2d  class.” 

f “ By  mistake,  the  first  angle  of  position  in  my  Catalogue  is 
given  .30°  35',  instead  of  21°  28',  and  should  be  corrected. — See 
Phil.  Trans,  vol.  Ixxii.  Part  I.  p.  122.” 
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measure,  with  an  improved  illumination  of  the  wires, 
it  was  32°  50'.  This  gives  a change  of  1 1°  22',  in 
23  years  and  14  days. 

“ It  does  not  appear  that  the  distance  has  under- 
gone any  perceptible  alteration.” — Phil.  Trans. 
p.  360. 


7 LEONIS. 

March  4th,  1825. — | past  9 — very  fine  night — 
5 feet  Achromatic,  with  the  whole  Aperture  3-j®^ths 
inches.  The  Two  Stars  of  y Leonis  are  as  separate 
and  as  well  defined  with  a power  of  460,  as  those 
of  Castor  were  with  150. 

When  the  Aperture  of  this  Telescope  was  con- 
tracted to  2^gths — the  two  Stars  of  y Leonis  were 
perfectly  separated,  and  defined  very  distinctly  with 
190: — the  Smaller  Star  is  not  so  white  as  the 
Larger  one. 

See  Obs.  on  y Leonis  in  page  136  of  Mr.  Her- 
scHEL  and  Mr.  South’s  Paper  on  Double  Stars, 
in  Phil.  Trans,  for  1825. 

SIR  WM.  HERSCHEL  ON  y LEONIS. 

“ 28.  7 Leonis.  FI.  41.  In  collo  Lucida. 

“ Feb.  11,  1782. — A beautiful  double  star.  Pretty 
unequal.  Lw;  S w inclining  a little  to  pale  red. 
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W itli  227  and  228,  distinctly  separated ; with  460, 
Jth  diameter  of  S;  with  625,  ith  diameter;  with 
932,  full  Jth  diameter,  or,  when  best,  ^ diameter  of 
S ; with  1504,  |th  diameter,  well  defined,  and  the 
difference  of  colours  still  visible  ; with  2176,  not 
quite  a diameter  of  S,  pretty  well  defined,  but  ex- 
ceedingly tremulous ; with  2589,  less  than  1 dia- 
meter; with  3168,  still  pretty  distinct,  and  about 
|ths  diameter  of  S ; with  4294,  more  than  a diameter 
of  S,  but  attended  with  the  utmost  difficulty  of 
managing  the  motions  ; with  5489,  the  interval  still 
somewhat  larger,  and  if  the  object  could  be  kept  in 
the  centre  of  the  field,  the  eye  might  adapt  itself  to 
the  focus,  and  get  the  better  of  the  violent  aberra- 
tion ; but  the  edges  of  the  glass  being  of  a different 
focus,  the  eye  is  constantly  disappointed  in  its  en- 
deavours to  define  the  object ; with  6652,  1 had  but 
a single  glimpse  of  the  star  quite  disfigured ; how- 
ever, I ascribe  it  chiefly  to  the  foulness  of  the  glass, 
which,  on  account  of  its  smallness,  is  extremely 
difficult  to  be  cleaned  ; with  a 10  feet  Reflector, 
9 inches  aperture,  power  626,  above  ^ diameter  of 
S very  distinct  ; with  a 20  feet  Reflector,  power 
350*',  I see  it  very  well.  Position  5°  24'  n.  following, 
A third  star  preceding.  Dist.  1'  51"  23'",  pretty 
accurate  for  so  great  a distance.  Position  31°  0'  n. 
preceding.  A fourth  star  preceding  the  third,  and 


* “ Too  briijht  an  object  to  be  quite  distinct.” 
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somewhat  smaller.” — See  Phil.  Trans,  vol.  Ixxv. 
p.  48. 

“ The  distance  of  the  stars  y and  x,.  as  I shall 
again  call  the  small  one,  has  undergone  a visible 
alteration  in  the  last  twenty-one  years.  The  result 
of  a great  number  of  observations  on  the  vacancy 
between  the  two  stars,  made  with  the  magnifying 
powers  of  278,  460,  657,  840,  932,  1504,  2010, 
2589,  3168,  4294,  5489,  and  6652,  is,  that  with  the 
standard  power  (460),  and  aperture  (O^^ths  Inches) 
of  the  7 feet  telescope,  the  interval  in  1782  was  |th 
of  a diameter  of  the  small  star,  and  is  now  fths. 
With  the  same  telescope,  and  a power  of  2010,  it 
was  formerly  | of  a diameter  of  the  small  star,  and 
is  now  full  1 diameter.  In  the  years  1795,  1796, 
and  1798,  the  interval  was  found  to  have  gradually 
increased  ; and  all  observations  conspire  to  prove, 
that  the  stars  are  now  J a diameter  of  the  small  one 
farther  asunder  than  they  were  formerly.  The  pro- 
portion of  the  diameter  of  y to  that  of  x,  I have,  by 
many  observations,  estimated  as  5 to  4. 

“ The  first-mentioned  angle  in  1782,  is  7°  37' 
north-following ; and  the  last,  which  has  been  lately 
taken,  is  6°  2T  south -following.  The  sum  of  these 
angles  gives  13°  58',  for  the  change  that  has  taken 
place  in  twenty-one  years  and  thirty-eight  days.  To 
account  for  this,  we  are  to  have  recourse,  as  before, 
to  the  various  motions  of  the  three  bodies.” — See 
Phil.  Trans,  for  1803,  vol.  xciii.  p.  366. 
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POLE  STAR. 

The  Star  called  the  Pole  Star,  is  not  actually  upon 
the  Pole — the  Star  that  is,  is  a very  small  one — 
much  smaller  than  the  small  Star  whicli  accompanies 
what  is  usually  called  the  Pole  Star,  and  is  only 
visible  in  a very  large  Telescope. 

Mr.  H.  Browne,  F.R.S.  informed  me,  that  he  has 
seen  this  Small  Star  in  his  Reflecting  Telescope  of 
15  Inches  Aperture. 

I have  seen  the  small  Star,  which  accompanies 
the  Pole  Star,  with  a 2J  feet  Achromatic,  with  a 
treble  Object-glass  of  two  inches  and  a quarter 
aperture,  and  power  of  70,  but  have  seen  many 
Telescopes  of  3J  focus  that  would  not  shew  it. 

The  Smaller  the  Magnifying  Power  which  will 
shew  the  Small  Star  as  a detached  point  of  Light, 
the  better  is  the  Telescope— this  Observation  applies 
to  all  Double  Stars. 

There  is  a peculiarity  about  the  Small  Star,  near 
the  Polar  Star,  if  you  can  see  it  with  a Low  Power, 
it  continues  visible  with  any  Higher  power, — thus, 
I have  seen  it  in  a 5 feet  Achromatic,  with  an  Eye- 
glass of  about  Two  Inches  focus,  and  with  one  of 
only  the  22d  of  an  Inch  focus. 

I have  seen  Achromatics  of  2|ths  aperture,  which 
would  not  shew  the  Small  Star  with  less  than  80 
in  a lower  power,  it  was  enveloped  in  the  light  from 
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the  Larger  Star — but  it  was  visible  with  any  higher 
power. 

I remember  shewing  it  to  some  friends  with  my 
Beaiiclerc  46  Inch,  which  has  a treble  Object-glass 
of  3^ths  diameter,  and  Magnifying  Power  of  80 ; 
and  when  they  expressed  their  surprise  to  see  the 
small  Star  so  plainly,  wishing  to  shew  it  to  them 
still  more  plainly,  I pointed  to  it  one  of  my  Gre- 
gorian Reflectors  of  7 Inches  Aperture,  and  a power 
of  100,  and  was  astonished  to  find  that  the  Small 
Star  was  not  near  so  plainly  visible  as  in  the  Achro^ 
matic; — this  Reflector  shewed  Planets  and  Objects 
in  the  Daytime  beautifully,  and  from  the  much 
higher  degree  of  its  Illuminating  Power,  I thought 
that  it  would  shew  the  Small  Star  in  greater  per- 
fection than  the  Achromatic. 

The  reason  it  did  not,  I suppose  was,  that  although 
Planets  and  Terrestrial  Objects  appeared  sharp  and 
well  defined,  yet  that  its  Specula  wanted  that  high 
degree  of  perfection  which  is  indispensable  for  de- 
fining and  bringing  out  faint  points  of  Light. 

1825,  July  24.  I see  the  Small  Star  in  my  Gre- 
gorian, which  was  made  by  Watson,  and  is  11 
inches  focus,  and  4 inches  Aperture,  with  a power 
of  66  and  110. — See  page  297  of  this  Book. 

In  my  5 feet  Achromatic,  which  has  a Double 
Object-glass  of  S^p^ths  Aperture,  the  small  Star, 
near  the  Foie  Star,  was  a decidedly  detached  point 
of  light  with  a single  eye-glass,  which  gave  the 
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Telescope  a power  of  only  28,  i.  e.  with  the  2d 

E.  G.  of  a compound  Astronomical  Eye-piece  which 
magnifies  44  times — and  it  was  visible  with  20 
intermediate  Eye-tubes,  the  highest  of  which  mag- 
nifies 1386  times,  and  is  a single  Convex  lens  of  the 
22d  of  an  inch  focus. — 'The  Object-glass  being  of 

63  Inches  focus 
gave,  multiplied  by  22 

126 

126 

the  Magnifying  Power  1386. 

This  Instrument  is  one  of  the  chef-d’ auvres  of  the 
late  Mr,  Peter  Dollond — who  thus  speaks  of  it 
to  the  Gentleman  he  sold  it  to,  Mr.  G.  Hodgson, 

F. R.S.,  (and  of  whom  I purchased  it,)  in  his  Letter, 
which  is  now  before  me,  dated  Nov.  11,  1803: — 
“ It  has  been  made  10  years,  and  I can  say  that  it 
is  one  of  the  best  I ever  made,  and  such  as  I cannot 
expect  to  be  able  to  equal.” 

With  my  Beauclerc  Achromatic,  of  46  inches 
focus,  and  a treble  Object-glass  of  Oy^yths  inches  in 
the  clear  aperture,  I have  seen  that  minute  point  of 
light  near  the  Pole  Star,  with  the  following  powers, 
measured  by  a dynameter  invented  and  made  by  the 
late  ingenious  Mr.  Ramsden:  40,  80,  150,  250,  350, 
420,  700;  and  even  with  1123  times  the  small  Star 
was  still  visible.  Mr.  William  Walker,  the  astro- 
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nomer,  was  observing  with  me,  and  also  saw  this. 
Mr.  Charles  Fairhone,  mathematical  instrument 
maker,  of  Great  New  Street,  Fetter  Lane,  saw  it 
again  very  distinctly  on  the  30th  August^  1807. 
Mr.  Samuel  Fierce,  Optician,  observed  the  same  on 
the  26th  May,  1811. 

The  Polar  Star  is  as  proper  as  any,  for  a test  of 
the  light  and  distinctness  of  a Telescope; — it  is 
easily  found,  and  always  above  the  horizon,  and 
so  it  is  the  more  desirable,  as  it  is  a more  universally 
attainable  test. 

I mention  the  foregoing  observations,  merely  as 
authenticated  and  curious  facts  how  far  magnifying 
power  could  be  carried  on  this  object,  as  it  was  with 
evident  detriment  to  vision  when  higher  than  about 
100,  which  shewed  this  star  more  pleasantly,  and 
the  illuminating  and  magnifying  powers  appeared  to 
be  in  more  perfect  proportion,  than  with  any  of  the 
higher  or  the  lower  powers. 

1825,  April  4th. — Mr.  Pulley's  12  feet  Achro- 
matic, 7 inches  Aperture  : — the  Small  Star,  which 
accompanies  the  Pole  Star,  with  100,  as  distinct 
and  as  steady  as  one  of  Jupiter’s  Satellites — with  a 
single  lens  of  6 inches  focus,  which  produced  a 
power  of  24,  the  small  Star  appeared  as  it  does  in 
an  Achromatic  of  3^  inches  Aperture ; with  a power 
of  80,  it  was  discernible,  with  a single  lens  of  8 
inches  focus,  which  gave  a power  of  only  18.-^See 
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in  page  348  of  this  Book,  an  Observation  of  the 
Double  Ring,  and  of  the  6th  and  7th  Satellites  of 
Saturn,  with  this  12  feet  Achromatic. 

. This  last  Observation  illustrates  the  effect  of  Illu- 
minating Power:  this  faint  star  being  as  easily  seen  in 
the  12  feet  Achromatic,  with  an  aperture  of  7 inches, 
with  a power  of  only  24,  as  in  the  5 feet,  with  an 
Aperture  of  3^ths  inches,  with  a power  of  44. 

SIR  WM.  HERSCHEL  ON  THE  POLE  STAR. 

“ Fourth  Class  of  Double  Stars. 

“La  Ursa3  minoris,  FI.  1.  Stella  Polaris. 

“ Aug.  17,  1779. — Double.  Extremely  unequal. 
L w;  S r.  Distance  17"  15"'.  Position  66°  42' 
s.  preceding. 

“ a Ursee  minoris,.  IV,  1. 

“ There  has  been  a small  alteration  in  the  relative 
situation  of  the  pole  star ; but  when  we  consider 
that  this  double  star  is  of  the  fourth  class,  we  cannot 
expect  that  any  great  change  in  the  angle  of  position 
should  have  taken  place  in  the  course  of  20  years. 
The  position,  Dec.  19,  1781,  was  66°  42'  south-pre- 
ceding ; and  June  17,  1782,  it  was  67°  23'.  A mean 
of  both  measures,  is  67°  3'.  March  4,  1802,  the 
position  was  61°  43' ; which  gives  a difference  of 
5°  20',  in  19  years  and  350  days.’' — Dr.  H.  in  Phil. 
Trans,  vol.  xciv.  p.  382. 


DOUBLE  STARS. 


451 


RIGEL. 

October  24th,  1807.  — The  Honb‘®.  Stewart 
M'Kenzie’s  Travelling  Telescope  of  27  Inches 
focus,  having  a treble  Ohject-^glass  2\th  inches  in  dia- 
meter, made  by  Mr.  Rams  den  : — the  small  Star, 
near  Rigel,  seen  very  easily,  and  well  separated 
from  the  large  Star,  with  the  usual  compound  Astro- 
nomical Eye-pieces,  magnifying  70  and  110  times. 

This  Telescope  was  mounted  in  two  tubes,  one  of 
which  slided  within  the  other  : the  Object-glass  had 
been  made  many  years,  and  when  it  performed  in 
the  extraordinary  manner  I have  related,  there  was 
that  sort  of  haze  between  its  Glasses  which  Age 
and  Damp  Air  often  produce  between  Object-glasses 
without  any  apparent  detriment  to  their  vision — for 
I never  saw  an  Achromatic  of  2|ths  aperture,  that 
was  more  brilliant  as  a Day  Telescope,  or  that  would 
shew  Rigel,  and  many  other  Double  Stars,  so  plainly 
as  this.  However,  with  the  hope  it  would  be  still 
better  if  tbe  Glasses  were  quite  clean — I had  the 
Object-glass  taken  to  pieces  to  be  wiped,  and,  alas! 
when  re-adjusted,  it  had  lost  all  that  superlative 
defining  pow;er  I have  mentioned  above. 

This  I mention  as  a caution  to  those  who  have  a 
fine  Object-glass  in  such  a state — to  be  content,  and 
not  run  the  risk  of  spoiling  it  by  having  it  taken 
asunder. — See  Remarks  on  this  Vegetation,  in  pages 
336  and  337  of  this  Book, 
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This  is  the  only  Telescope  of  the  Aperture  which 
I have  in  thirty  years  met  with,  which  would  shew 
these  Objects. 

I have  met  with  many  Achromatics  of  44  Inches 
focus,  and  2|ths  aperture,  which  would  not  shew  them. 

For  the  following  observations  I am  indebted  to 
Mr.  Evanson,  of  the  Stamp  Office : — 

” In  consequence  of  your  having  manifested  a 
desire  to  have  an  account  of  the  powers  by  which  I 
have  been  enabled,  with  a 30  inch  Object-glass,  to 
see  some  difficult  double  stars,  I write  this,  in  com- 
pliance with  your  request,  to  inform  you,  that  with  a 
power  of  80  applied  to  a 30  inch  Object-glass,  having 
an  aperture  of  2 inches,  I have  very  distinctly  seen 
the  small  Star,  near  the  Pole  Star. 

“ With  a 3 feet  Object-glass,  made  by  the  in- 
genious Mr.  Tulley,  of  Territ’s  Court,  Islington,  I 
have  discerned  y Leonis  to  be  evidently  double,  with 
a power  of  160,  and  e Bootis  with  a power  of  160. 

“ The  number  of  minutes  and  seconds  compre- 
hended in  the  field  by  any  Eye-piece,  is  easily  ascer- 
tained by  observing  the  time  of  the  transit  of  any 
star  or  planet  over  the  field,  from  the  instant  of  its 
coming  to  the  meridian ; then  a very  easy  trigono- 
metrical calculation,  shewing  the  number  of  minutes 
and  seconds  which  must  be  passed  in  that  time, 
will  manifestly  denote  the  extent  of  the  field  of  view. 
See  page  182. 

“ Hence,  likewise,  may  be  deduced  another  mode 
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of  ascertaining  the  magnifying  powers  of  Telescopes 
with  the  greatest  exactness,” 

1824,  Januaiy  13th,  10  o’Clock.  RigeL  With 
P.  D.’s  favourite  5 feet  Achromatic,  (see  page  47,) 
while  the  aperture  was  contracted  to  2|ths  inches: 
with  44,  I could  not  perceive  the  Small  Star,  which 
was  seen  very  plainly,  and  perfectly  separate  from 
the  larger  Star,  with  60,  100,  and  200. 

With  the  whole  Aperture  of  3^°^ths,  it  was  best 
with  100  or  130;  not  so  plain  with  260,  and  with 
450  it  was  not  perceivable. 

With  a 44  Inch  Achromatic,  of  2|ths  Aperture,  it 
was  best  seen  with  the  power  of  80 — and  not  visible’ 
with  180. 

With  the  Beauclerc  46  Inch,  best  with  100. 

The  result  of  these  Observations  is,  that  Rigel  to 
be  seen  well,  must  be  very  close  to  the  Meridian, 
that  it  is  a very  severe  test  of  defining  power — more 
so  than  it  is  of  Illuminating  or  of  Magnifying  Power, 
as  it  was  distinctly  visible  with  a power  of  70,  and  a 
treble  Object-glass  of  2^th  inches  Aperture  ; and 
with  a double  Object-glass  of  3^ths  Inches  Aper- 
ture, and  450,  it  was  no  more  to  be  seen. 

If  the  Telescope  be  not  extremely  perfect,  the  Small 
Star  is  enveloped  in  the  false  light  from  the  very  bright 
Large  one — therefore,  if  the  Image  is  not  very  neat, 

[ contract  the  aperture  of  your  Telescope  by  lOths  of 
inches  till  it  is,  by  this  means  you  will  sometimes 
j see  the  Small  Star  very  distinct  from  the  Large  one. 
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in  Telescopes  which,  with  the  whole  Aperture,  will 
not  shew  it  with  any  power. — See  an  account  of  the  j 
good  effect  produced  by  contracting  the  Aperture  of  j 
Mr.  Aubert’s  46  inch,  at  page  431  of  this  Book — i 
and  Sir  Wm.  H.’s  account  of  this  Telescope  on 
y Leonis,  at  page  383. 

Dec.  1824. — In  my  Herschel  7 feet  Newtonian,  , 
power  242,  very  distinctly,  and  well  seen. 

Jan.  17th,  1825. — In  the  same  7 feet,  with  160,  ex- 
tremely well  defined — the  Small  Star  appeared,  as  i 
Sir  W.  H.  has  described  it>  inclining  to  Red*,  the  tint  i 
stronger  than  in  the  5 feet  Achromatic — but  when  ; 
Ihe  powers  were  equal,  the  Stars  are  more  distinctly  '■ 
separated  in  the  latter  Telescope. 

In  Mr.  Herschel  and  Mr.  South’s  Obs.  on  i 
Double  Stars,  in  the  Phil.  Trans,  for  1825,  p.  75,  , 
Rigel  is  described  as  “ extremely  unequal ; large  i 
White;  small  B/wisA;  1st  and  10th  Magnitudes.”  1 

SIR  WM.  HERSCHEL  ON  RIGEL. 

“ 33.  /3  Orionis,  FI.  19.  In  sinistro  pede  splen-  ■ 
dida. 

“ Oct.  1,  1781. — Double.  Extremely  unequal,  i 
L w S inclining  to  r.  With  227,  25th  or  2^  dia- 
meter of  Rigel;  with  460,  more  than  3 diameters  of  | 
L.  Distance  6"  27".  Position  68°  12' s.  preceding. 

* See  Sir  Wm.  H.’s  Ohs.  thereon,  with  his  20  feet  Reflector,  in 
pp.  277  and  385. 
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The  small  star  not  wanting  apparent  magnitude,  is 
better  to  be  seen  with  my  Power  of  227  than  with 
460.” 

Rigel  is  more  difficult  to  see  well  than  the  Pole 
Star  is. — See  Sir  Wm.  Herschel’s  Remarks, 
preceding  his  2d  Cat.  of  Double  Stars,  in  page  385. 

See  an  Ohs.  on  the  pale  Red  Colour  of  the  Small 
Star,  which  accompanies  Rigel,  in  Sir  Wm.  H.’s 
paper,  in  vol.  Ixxv.  of  the  Phil.  Trans. — and  in  pages 
277  and  385  of  this  Book. 

“ Rigel.  II,  33. 

“ This  bright  star  has  undergone  a change  of 
situation  with  regard  to  its  distance  from  the  small 
one,  which  is  near  it  j but,  in  the  angle  of  position, 
very  little  difference  can  be  perceived.  By  eleven 
measures,  taken  between  Jan.  1,  1802,  and  Feb.  18, 
1803,. the  mean  position  is  69°  5'  south-preceding; 
which  is  but  little  more  than  68°  12',  the  measure  of 
Oct.  1,  1781,  given  in  my  Catalogue. 

" The  distance  was  estimated,  Oct.  1,  1781,  with 
460,  to  be  more  than  3 diameters  of  Rigel ; and,  as 
I supposed  it  to  be  one  of  those  double  stars,  of 
which  I might  ascertain  the  vacancy  between  the 
two  stars,  by  estimating  the  number  of  diameters  of 
the  large  one  that  would  fill  it  up,  I placed  the  star 
in  the  second  class.  However,  by  a measure  taken 
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with  a micrometer,  Oct.  22,  1781,  the  stars  were 
found  to  be  far  enough  asunder  to  come  into  the 
third  class.  By  a mean  of  six  measures,  which 
were  taken  the  first  18  months  of  my  observing  the 
star,  their  distance  was  9"  32'"  ; and,  by  a repetition 
of  estimations,  it  appeared,  Dec.  22,  1781,  that  the 
vacancy  between  the  two  stars  was  not  less  than  4 
diameters,  and,  when  the  air  was  tremulous,  4 or  5. 
After  an  interval  of  more  than  21  years,  having 
omitted  estimations  by  the  diameter,  as  not  very 
proper  to  be  used  with  these  stars,  I wished  to  com- 
pare their  distance  with  the  former  estimations  j and, 
with  the  same  instrument,  and  same  magnifying 
power  that  had  been  used  before,  the  vacancy,  Feb. 
22,  1803,  amounted  to  5 or  6 diameters  of  the  large 
star;  so  that,  certainly,  an  increase  of  distance 
must  be  admitted.” — Dr.  H.  in  Phil.  Trans,  vol.  xciv. 
p.  380. 


s BOOTIS. 


£ Bootis,  was  observed  on  the  25th  of  May, 
1819,  by  Mr.  H.  Browne,  F.R.S.  and  myself, 
with  an  Achromatic  Telescope  of  2.^^ths  aperture, 
made  by  Mr.  George  Dollond.  With  a Pancratic 
Eye-tube,  magnifying  270,  the  two  Stars  were 
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distinctly  defined,  without  either  rings  or  rays.  See. 
around  them.  This  was  in  an  extremely  fine  clear 
evening,  the  air  quite  still,  and  the  star  very  near  the 
meridian.  The  Blue  colour  of  the  smallei’  star  was 
remarkably  bright  for  so  small  an  aperture — but 
this  30  Inch  Achromatic  Telescope  would  not  ex- 
hibit a glimpse  of  the  small  Star  which  accompanies 
Rigel,  nor  of  the  small  Star  near  the  Pole  Star. 
It  was  a remarkably  brilliant  Day-Telescope,  but 
as  Its  Object-glass  was  over-corrected,  it  did  not 
shew  Planets  of  a good  colour.  I mention  these  par- 
ticulars, because  I have  met  with  those  who  have 
thought  that  ]f  a Telescope  would  not  shew  the  two 
Stars  of  6 Bootis  distinctly,  that  it  could  not  be 
good  on  any  object,  and  that  if  it  would,  it  would 
be  excellent  on  All. 

As  this  Double  Star  is  so  frequently  referred  to 

as  a Test  of  Telescopes,  I have  written  at  laro-e 
upon  it.  ® 

I have  seen  Telescopes  of2|ths  inches  Aperture 
which  would  shew  the  Pole  Star,  but  failed  entirely 
at  Rigel  and  e Bootis. — See  page  284. 

I have  never  seen-*<=  but  one  Telescope  of  2~Uhs 
Aperture,  that  would  distinctly  divorce  the  Blue 
Star,  which  m the  finest  Achromatics  that  I have 
seen  of  sucli  small  Aperture,  was  enveloped  in  the 

* See  what  I mean  by  .Seeing  in  line  15  of  page  415. 
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ring  of  false  light  which  surrounds  the  Larger  j 

f^tar,  — the  utmost  I have  ever  seen  with  them,  j 

was  a little  tiny  white_  wen  on  the  left  side  ol 
the  large  Star. — I cannot  account  for  the  extreme 
partiality  which  Opticians  seem  to  have  for  the 
power  of  180  with  this  Telescope— it  is  too  much 
for  a Planet,  it  is  too  little  for  a Double  Star,  for  i 
which  200  or  220  would  be-  much  more  effective. — 

See  line  6th  of  page  422. 

These  Stars  can  seldom  be  satisfactorily  separated 
with  less  than  a power  of  250,  and  with  that,  an  ^ 
Object-glass  of  2|ths  Aperture  has  not  light  enough,  ; 

unless  it  be  of  5 feet  focus.  I see  it  with  my  5 feet  j 

when  limited  to  2tths  Aperture  ; but  the  Blue  Star  I 
requires  a great  deal  of  good  light  to  shew  it  well, 
and  is  much  better  seen  and  defined  with  the  whole 
Aperture  of  Sfoths  inches,  than  it  is  when  it  is 
contracted,  and  is  best  seen  with  a Single  Eye- 

This  Double  Star  is  seldom  seen  distinctly  with 
an  Achromatic  with  a less  Aperture  than  3^th,  oi 
with  a Gregorian  Reflector  of  less  than  5 inches. 

On  the  24th  July,  1825,  I saw  it  with  my  Gre- 
gorian of  4 inches  Aperture  and  11  inches  focus— 
with  166,  the  small  Star,  Blue,  very  sharply  defined, 
and  distinctly  separated  from  tlie  Larger  Star— and 

also  with  260.- 

On  July  the  27th,  I shewed  the  above  to 
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Philip  Hardwick,  the  Architect,  who  saw  it  per- 
fectly— within  ten  minutes  after,  we  looked  at  it 
with  my  5 feet  Achromatic;  with  180,  the  small 
Star  did  not  appear  so  Blue  as  in  the  Reflector. 

On  July  28th,  Mr.  Seaman,  of  Upper  Gower 
Street,  and  Mr.  Tomkison,  of  Russell  Place,  saw 
on  the  29th,  Mr.  Cuthhert,  the  Optician, 
and  my  Son,  Mr.  W.  B,  Kitchiner. 

I have  inserted  the  names  of  the  Persons  who 
observed  this,  because  I have  seen  some  Reflecting 
Telescopes  of  4 inches  Aperture  which  were  not  suf- 
ficiently perfect  to  perform  what  I have  stated: 

if  It  had  been  seen  with  only  a single  Eye  on  a 
single  night,  it  might  have  been  considered  merely 
an  optical  delusion ; and  I have  made  it  a rule,  in  all 
my  works,  never  to  present  the  Reader  with  merely 
my  own  simple  assertion  on  any  extraordinary  point, 
when  I could  produce  also  collateral  proofs  which, 
would  be  entirely  convincing  .-—the  Price  charged 

by  Mr.  Watson  for  such  a Gregorian  is  £33.  12s. 

‘See  p.  438. 

1808,  May  11th. — With  the  Beauclerc*  46  Inch, 
and  with  a single  convex  lens  magnifying  700,  I 
saw  these  tw^o  stars  beautifully  distinct;  and  the 
space  between  them,  I think,  could  not  be  less  than 
4 diameter  of  the  larger  Star.  Mr.  Hardij,  the 
Watchmaker,  saw  this. 

^ * For  an  acccuul  ol  (his  fine  Object-glass,  see  page  26  of  this 
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1811,  May  26. — £ Bootis,  with  Beauclerc  46  inch, 
with  350  and  700.  Mr.  Pierce,  the  Optician,  ob- 
served this  with  me,  and  signed  his  name  in  my 
Journal. 

1825,  July  28th. — With  the  Beauclerc  46  inch, 
the  colour  of  the  Blue  Star  was  evident ; and  it  was 
perfectly  round,  and  detached  from  the  larger  Star 
with  a power  of  200.  I never  saw  it  so  positively 
defined,  and  so  perfectly  separated,  with  so  low  a 
power  with  any  other  Telescope.  The  Rev,  T.  Hussey 
observed  this  with  me. 

April  21st,  1824.  — With  P.  Dollond’s  5 feet 
Achromatic,  the  Stars  were  separated  with  180— the 
colour  of  the  two  stars  nearly  the  same — the  colour 
of  the  Blue  Star  visible  with  250,  stronger  with  350, 
and  stronger  still  with  450. 

With  this  5 feet,  350,  the  Blue  Star,  is  seen  as  dis- 
tinctly separated  from  the  larger  Star,  as  can  be  de- 
sired— and  the  field  of  view  being  larger,  and  the  objects 
longer  passing  it  than  with  450,  with  which  thej' 
flit  by  with  very  inconvenient  rapidity,  I have  fixed 
350  as  the  highest  useful  and  agreeable  power  360 
was  the  highest  compound  Eye-piece  to  the  5 feet 
Telescope,  which  Jesse  Ramsclen  made  for  Sir  George. 
Shuckburgh,  for  his  Equatorial.— See  vol.  Ixxxiii. 
of  the  Phil.  Trans,  pp  103  and  4,  where  he  says, 
that  “ 400  seems  to  be  the  maximum  that  this  Glass 
will  bear;  with  500,  the  image  is  not  so  well  defined ; 
with  200  and  300,  it  is  beautifully  distinct  and 
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bright.” — See  the  Account  of  this  Glass,  at  page  50 
of  this  Book. 

£ Bootis,  in  Dr.  Herschel  and  Mr.  South’s 
Obs.  on  Double  Stars — (see  page  204  of  the  Phil. 
Trans,  for  1825) — is  thus  described,  “ Large,  Yellow  ; 
Small,  Blue  Green — a very  marked  Contrast  of 
Colours.” 

SIR  WILLIAM  HERSCHEL  ON  £ BOOTIS. 

“ This  beautiful  double  Star,  on  account  of  the 
different  colours  of  the  Stars  of  which  it  is  composed, 
has  much  the  appearance  of  a Planet  and  its  Satel- 
lite, both  shining  with  innate  but  differently  coloured 
light. 

“ There  has  been  a very  gradual  change  in  the 
distance  of  the  two  stars ; and  the  result  of  more 
than  120  observations,  with  different  powers,  is, 
that  with  the  standard  magnifier,  460,  and  the  aper- 
ture of  6.3  inches,  the  vacancy  between  the  two 
stars,  in  the  year  1781,  was  1^  diameter  of  the  large 
star,  and  that  it  now  is  l|ths.  By  some  earlier 
observations,  the  vacancy  was  found  to  be  consider- 
ably less  in  1/79  and  1780  j but  the  7 feet  mirror 
then  in  use  was  not  so  perfect  as  it  should  have  been 
for  the  purpose  of  such  delicate  observations.  By 
many  estimations  of  the  apparent  size  of  the  stars,  I 
have  fixed  the  proportion  of  the  diameter  of  £ to  that 
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of  or,  as  3 to  2.  August  31,  1780,  the  first  angle  of 
the  positron  measured  32°  19'  north-preceding ; and, 
March  16,  1803,  I found  it  44°  52',  also  north-pre- 
ceding : the  motion,  therefore,  in  twenty-two  years 
and  two  hmidred  and  seven  days,  is  12°  33'.  It 
should  also  be  noticed,  that  while  the  apparent 
motion  of  a Geminorum  and  of  y Leonis,  is  retro- 
grade, that  of  £ Bootis  is  direct.” — See  Dr.  H.’s 
Paper  in  the  Phil.  Trans,  for  1803,  vol.  xciii. 

“ August  20th,  1781. — I saw  s Bootis  with  460, 
and  the  vacancy  between  the  two  Stars  was  l|th 
diameter  of  the  large  one.  I then  reduced  the 
aperture  of  the  Telescope  by  a circle  of  paste- 
board from  6.3  inches  to  3.5,  and  the  vacancy 
between  the  Stars  became  only  I diameter  of  the 
small  Star. 

“ The  proportion  of  the  diameters  of  the  two  Stars 
to  each  other  was  also  changed  considerably ; for 
the  small  one  was  now  at  least  not  §ths,  of 

the  large  one.”— PA^7.  Trans,  vol.  xcv.  p.  42. 

“ The  interval  between  very  unequal  Stars,  esti- 
mated in=  diameters,  generally  gains  more  by  an 
increase  of  magnifying  power  than  the  apparent 
distance  of  those  which  are  nearer  of  a size.  In- 
stances of  the  former  may  be  found  in  the  first 
class,  the  1st,  7,  29,  35,  37,  39,  53,  59,  63,  64,  72d 
Stars  ; of  the  latter,  the  16th,  28,  33,  45,  46,  73, 
81st  Stars.  However,  this  only  seems  to  take  place 
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when  there  is  a difficulty  of  seeing  the  object  well 
with  a low  power,  which  being  removed  by  magnify- 
ing more,  the  distance  is,  as  it  were,  laid  open  to 
the  view.”  — Dr.  U.’s  Note,  at  foot  of  page  51  of 
vol.  Ixxv.  of  the  Phil.  Trans. 

" With  regard  to  small  Stars,  that  become  visible 
by  an  increase  of  Magnifying  power,  (a  Lyree,  for 
instance,)  we  may  surmise,  that  it  is  partly  owing  to 
the  greater  darkness  of  the  field  of  view,  arising  from 
the  increased  power,  and  partly  to  the  real  effect  of 
the  power ; for,  though  the  real  diameter  of  a Star, 
notwithstanding  it  be  magnified  a thousand  times, 
should  still  remain  smallerthan  the  minimum  visible, 
yet  since  a Star  of  the  seventh  magnitude  may  be 
seen  by  the  naked  eye,  we  may  conclude,  that  the 
light  of  a Star  subtends  incomparably  a larger  angle 
than  its  luminous  body ; and  this  may  be  in  such  a 
proportion,  with  very  small  Stars,  that  the  power  of 
the  Telescope  shall  be  just  sufficient  to  magnify  the 
real  diameter  so  as  to  bring  it  within  the  limits  of 
this  proportion,  whereby  the  Star  will  become 
visible.” — Dr.  H.’s  Note  at  the  foot  of  page  82  of 
the  Phil.  Trans,  for  1785,  being  vol.  Ixxv. 

First  Catalogue  of  Double  Stars. 

“ FIRST  CLASS. 

“ 1.  g Bootis.  Flamst.  36.  Ad  dextrum  femur  in 
perizomate. 
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Sept.  9,  1779.  Double.  Very  unequal.  L 
reddish ; S blue,  or  rather  a faint  lilac.  A very 
beautiful  object.  The  vacancy,  or  black  division 
between  them,  with  227,  is  |ths  diameter  of  S ; 
with  460,  l|th  diameter  of  L;  with  932,  near  2 
diameters  of  L ; with  1159,  still  further  ; with  2010, 
extremely  distinct,  2|ths  diameters  of  L.  These 
quantities  are  a mean  of  2 years’  observations. 
Position  31°  34'  n.  preceding.” 

♦ 

« LYR.®. 

June  3,  1824.  — The  very  faint  and  small  Star 
which  accompanies  a Lyrse,  is  not  perceivable 
with  my  5 feet  Achromatic,  with  the  Huygenian 
Eye-piece,  which  magnifies  250 — but  is  distinctly 
visible  with  350,  and  is  seen  still  more  plainly 
with  460,  with  which  it  appears  about  twice  the 
distance  directly  above  Lyra,  (with  an  inverting 
Eye-tube,)  that  the  small  Star,  near  the  Polar  Star, 
appears  to  be  from  the  Pole  Star  with  a power  of 
80. — I saw  it  most  easily  when  the  Large  Star  had 
left  the  field,  and  it  was  discernible  when  the  Aper- 
ture was  contracted  to  2f  ths ; but  I tried  to  see  it 
durino-  the  same  10  minutes  with  a very  fine  3|  feet 
Achromatic,  with  an  Aperture  of  2|ths  inches  and 
could  not  discern  it.— See  Mr.  Mosely’s  Observa- 
tion of  this  Star,  in  page  146  of  this  Book, 
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The  visibility  of  this  Star  appears  to  be  of  the 
same  nature  as  the  small  Star  of  the  quintuple  Star 
f Lyra,  which  is  hardly  visible  in  an  Achromatic  of 
2|ths  Aperture,  with  70 — but  easily  seen  with  150, 
and  is  exactly  the  reverse  of  Rigel,  which  I saw 
best  in  the  5 feet  Achromatic  with  130 — ^but  which 
with  460  was  no  longer  discernible. — See  Obs.  on 
Rigel — and  Sir  Wm.  Herschel,  in  vol.  Ixxii.  of  the 
Phil.  Trans. — and  in  pages  387  and  388  of  this 
Volume. 

May  6th,  1825,  at  lOo’Clock. — The  5 feet  Achro- 
matic— the  small  Star  not  visible  with  less  than 
350 — better  with  460 — also  with  a single  convex  lens 
of  the  22d  of  an  inch  focus,  which  produced  a power 
of  1386. 

May  9th,  1825. — Saw  the  same  with  the  5 feet— 
tried  a very  fine  46  Achromatic,  which  has  a treble 
Object-glass  of  3fths  Aperture,  and  could  not  see 
the  small  Star  with  350 — this  Telescope  shewed 
the  small  Star,  near  the  Polar  Star,  with  that  power 
very  plainly. 

SIR  WILLIAM  HERSCHEL  ON  a LYRiE. 

“ 39.  a Lyrm,  FI.  3.  In  testa  fulgida. 

“ Sept.  24. — Double.  Excessively  unequal.  By 
moonlight  I could  not  see  the  small  Star  with  278, 
and  saw  it  with  great  difficulty  with  460 ; but  in  the 
absence  of  the  moon  I have  seen  it  very  well  with 
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227.  L fine  brilliant  w;  S dusky.  Distance  37" 
13"'.  Position  26°  46' s.  following. 

“ Oct.  22. — Having  often  measured  the  diameters 
of  many  of  the  principal  fixed  Stars,  and  having 
always  found  that  they  measured  less  and  less  the 
moi'e  I magnified,  I fixed  on  this  fine  Star  for  taking 
a measure  with  the  highest  power  I have  yet  been 
able  to  apply,  and  on  the  largest  scale  of  my  new 
micrometer  I could  conveniently  use.  With  a power 
of  6450,  (determined  by  experiments  on  a known 
object  at  a known  distance,)  I looked  at  this  Star 
for  at  least  a quarter  of  an  hour,  that  the  eye  might 
adapt  itself  to  the  object;  having  experimentally 
found,  that  the  abberration  by  this  means  will  appear 
less  and  less,  and,  in  the  Telescope  I used  on  this 
occasion,  with  powers  from  '460  to  1500,  will  often 
quite  vanish,  and  leave  a very  well-defined  circular 
disk  for  the  apparent  diameter  of  the  Stars.  The 
diameter  of  a ^yrcR,  by  this  attention,  appeared  per- 
fectly round,  and  occasionally  separated  from  rays 
that  were  flashing  about  it.  From  the  veiy  brilliant 
appearance  of  the  Star  with  this  great  power,  and  a 
pretty  accurate  rough  calculation  founded  on  its 
apparent  brightness,  when  observed  with  the  naked 
eye  with  227,  with  460,  with  6450,  I surmise,  that 
it  has  light  enough  to  bear  being  magnified  at  least 
a hundred  thousand  times  with  no  more  than  6 
inches  of  aperture,  provided  we  could  have  such  a 
power,  and  other  considerations  would  allow  us  to 
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apply  it.  When  I had  as  good  a view  as  I expected 
to  have,  I took  its  diameter  with  my  new  micrometer 
on  a scale  of  8 inches  and  4428  ten  thousandth  to 
1”  of  a degree,  and  found  it  subtended  an  angle  of 
0".3553.  I had  no  person  at  the  clock;  but  suppose 
the  time  of  its  passing  through  the  field  of  my  Tele- 
scope, which  in  this  great  power  is  purposely  left 
undefined,  and  as  large  as  possible,  was  less  than 
3 seconds.” — See  Sir  Wm.  H.’s  four  diagrams  of 
a Jjyra,  in  page  400  of  this  Book. 


THE  MAGNIFYING  POWERS 

Which  I have  mentioned  in  my  own  Observations,  1 
carefully  measured  by  a Dynameter,  made  by  Mr. 
Jesse  Ramsden,  (see  page  238,)  and  a Pearl 
Dynameter,  made  by  Mr.  George  Dollond, 
excepting  the  Deey  Single  Lenses,  and  the  Powers 
I have  stated  as  produced  by  them,  are  those  which 
were  produced  by  multiplying  the  focal  length  (in 
inches)  of  the  Object-glasses  by  the  focal  length  of 
the  Lenses,  as  stated  to  me  by  Mr.  Dollond,  who 
made  them  for  me. 

• I request  those  who  may  repeat  any  of  the  Ob- 
servations which  I have  recorded,  to  read  Chap- 
ter XVI.  and  to  carefully  ascertain  themselves  the 
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actual  Magyiifying  powers  of  their  Instruments,  or 
they  must  not  be  surprised  if  they  give  extremely 
different  results  from  those  which  I have  set  down — 
a difference  of  10  times  will  sometimes  give  quite  a 
different  vision. — See  line  19  of  page  165. 

In  the  early  part  of  my  Telescopical  pursuits,  I 
was  several  times  strangely  deceived  by  mistate- 
ments  of  the  Magnifying  power  of  the  Eye-pieces 
of  the  Instruments  I purchased — sometimes  I found 
a Day  Eye-tube  of  only  40  called  55 — of  course  I 
thought  that  a prodigiously  brilliant  Glass,  which 
appeared  as  bright  with  55  as  other  Telescopes  of 
equal  Aperture  were  with  40. 

I met  with  Astronomical  Eye-tubes,  which  were 
made  to  look  like,  and  were  called,  180,  which  did 
not  magnify  more  than  125 — and  then  1 wondered 
that  the  Telescope  would  not  shew  those  Double 
Stars  which  1 had  seen  with  180. 

A Pearl  Dynameter  may  be  purchased  for 
about  12s.— the  slip  of  Pearl  is  divided  into  200ths 
of  an  inch. 

To  measure  the  Magyiifying  power  of  a Telescope 
is  very  easy  with  this  simple  instrument; — sup- 
pose the  aperture  of  its  Object-glass,  or  Object- 
metal,  to  be  Three  Inches  — adjust  it  to  distinct 
vision  at  a distant  object— then  adjust  the  Dyna- 
meter so  that  you  can  distinctly  see  the  division 
marked  on  the  Pearl— then  hold  it  before  the  Eye- 
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piece  of  the  Telescope,  and  adjust  it  till  the  pencil 
of  Rays  is  distinctly  and  sharply  defined ; observe 
how  many  divisions  it  covers,  reduce  the  diameter 
of  the  Object-glass  into  200ths  of  inches  — thus 
calling  a 3 Inch  O.  G.  600,  divide  that  by  the 
number  of  divisions  covered  by  the  pencil  in  the 
Dynameter,  which,  if  the  Telescope  magnifies  75, 
will  be  — 

Diameter  of  Pencil  Diameter  of 
O.  G. 

8 ) 600  ( 75  Magnifying  Power. 

56 


40 

40 


FINIS. 


Tifi;  Author  had  no  sooner  seen  the  little  word  Finis, 
at  the  end  of  the  last  proof  sheet,  than  he  began  to 
think,  and  to  fear,  that  notwithstanding  all  the 
care  he  has  taken  to  deserve  your  praise.  Gentle 
Reader,  it  is,  nevertheless,  hardly  among  the  pos- 
sibles, that  all  may  be  entirely  pleased:  and  some 
may  say,  and  with  no  faint  voice,  “ There  is  not  a 
page  in  this  book  that  is  worth  a farthing.”  ~ To  such 
he  says,  " Well,  — You  shall  not  pay  a farthing  for 
it  — You  shall  have  his  470  pages  for  96’. — i.  e.  for 
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part  of  what  he  has  paid*  for  it!  — Well  — 
you  may  read  it  in  three  days — that  is  in  -xs^th 
part  of  the  time')^  that  he  has  been  writing  it 
Well — then  the  Author  will  venture  to  hope  that 
the  Reader  will  not  think  that  either  his  Money  or 
his  Time  have  been  ill  spent;  and  that  he  will  be  so 
good,  as  to  grant  the  request  made  by  the  Author  in 
the  Preface  to  the  “ First  Part  of  the  Economy  of 
the  Eyes.” 

* £2,000.  t 30  Years. 


• 

That  this  book  has  its  faults,  no  one  can  doubt, 
Although  the  Author  could  not  find  them  out. 

The  faults  you  find,  good  Reader,  please  to  mend. 
Your  comments  to  the  Author  kindly  send  : 

He  will  repay  you  with  the  honour  due — 

Your  name,  with  praise,  shall  be  affixed  unto 
Whate’er  you  write,  that  he  has  any  hope 
May  any  way  improve  the  Telescope. — 
Well-meant  advice,  the  Author  ne’er  will  sneer  at. 
His  maxim  is,  Palmam  qui  meruit  ferat. 
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The  Whole  of  Dr.  KITCHINER’s  WORKS,  consisting 
of  the  following,  may  be  had  of  all  Booksellers  in  Town 
and  Country. 


IBetficalctl,  permission,  to  tf)e  3King, 

The  LOYAL,  NATIONAL,  and  SEA  SONGS  of 
ENGLAND,  for  One,  Two,  and  Three  Voices;  Selected  from 
original  Manuscripts  and  early  printed  Copies,  in  the  Library  of 
William  Kitchinee,  ,M.D.  One  Volume  folio.  Price  2l.  2s. 
Boards. 

Among  110  other  Compositions,  John  Bull's  ffioU  satie  ti^e 
ISinge,”  is  now  first  printed  in  this  number  ; also,  the  earliest- 
printed  copy  of  “ God  save  the  King;”  and  for  the  first  time  is 
also  now  published  a Complete  Score  thereof  for  a full  Band  for 
Voices  and  Instruments. 

The  Songs  are  so  arranged,  that  they  may  be  sung  as  a Solo  — 
a Duet, — or  a Teio.  ’ 


ON  SINGING. 

In  \^mo.  Price  4s.  Boards. 


OBSERVATIONS  on  VOCAL  MUSIC  and  SINGING, 

and  Rules  for  the  Accent  and  Emphasis  of  Poetry,  which  will 
ensure  the  Proper  Pronunciation  and  Effective  Expression  of  the 
Words. 


Compositions  frequently  fail  of  producing  half  the  impression  they 
are  capable  of  makmg  on  the  Mind,  from  being  sung  with  an  injudicious  Emphasis, 
or  a false  Accent.”— Author’s  Observations. 


The  SEA  SONGS  of  CPIARLES  DIBDIN;  with  a 
MEMOIR  of  his  LIFE  and  WRITINGS.  By  William 
Kitchinee,  M.D.  This  Work  comprises  An  Uundeed  Sea 
Songs,  &c.  Price  One  Pound  Twelve  Shillings,  neatly  Half-bound. 


In  8vo.  with  Ruled  Pages, 

The  HOUSEKEEPER’S  LEDGER ; a Plain  and 
Easy  Plan  of  keeping  Accurate  Accounts  of  the  Expens  s 
Housekeeping,  which,  with  only 

ONE  HOUR’S  ATTENTION  IN  A WEEK, 

Will  enable  you  to  balance  all  such  Accounte  with  ^e  utmost 
Scm“S:-L  acceptable  acquisition  to  All  who  admit  that 

ORDER  AND  ECONOMY 

are  the  basis  of 

COMFORT  AND  INDEPENDENCE. 

« Let  thine  Eye  descend 

To  trace  with  patient  Indus^, 

Of  Income  and  Expense.  obbnstonb. 


In  VHmo.  Price  9s.  Roavds, 

THE  COOK’S  ORACLE ; containing-  Receipts  for 

Essences,  Pastry,  Puddings,  Preserves,  Pickles,  &c 

The  Quantitu  of  each  Article  is  accurately  stated  by  Weight  and 
Ihe  e ^ ^ Experiments  instituted  in  the 

Measure ; being  the  resuii  oi  A ^ Thp  Fifth  Edition. 

Kitchen  of  William  Kitchinee,  M.D.  ihe  iittn  n-uiuo 

• ■ For  Practical  more  of  PMt^phy, 

^t'if  we'^J'ifspeW  of  Gastronomie,  than  in  any  work  we  Lre 

to  Encyc.  Britan,  article  Food.  Fating 

» The  Cook’s  Oracle  ^ 

KSi  ^ 

aiS'SS  ;;<SE5tS*.  itwaw/t.  iBi,  p.  »• 


In  12mo.  Price  7s.  boarde,  the  Fifth  Ed,tim,  enlarged,  of 
THE  ART  of  INVIGORATING  and  PROLONGING 

PEWIc'’  pfeEm’^Stinrc'" 

added.  The  PLEASURE  of  MAKING  a WILL. 
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